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INTRODUCTION 

This databook contains data sheets on the SGS-ATES range of linear integrated circuits for professional, 

industrial and consumer applications. 

Selection guides are provided In the following pages to facilitate rapid identification of the most suitable 

device for the intended use. 

The information on each product has been specially presented in order that the performance of the 

product can be readily evaluated within any required equipment design. 
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ALPHANUMERICAL INDEX 



Type 



Function 



L120A TRIAC/SCR phase control 34 

L121A TRIAC/SCR burst control 41 

LI 23 High precision voltage regulator 49 

LI 46 High precision, high voltage regulator 57 

L149 High gain power output stage 68 

LI 65 3A-Power operational annplifier 73 

L194-5 5V-Positive voltage regulator with rectifying bridge 79 

L194-12 12V-Positive voltage regulator with rectifying bridge 79 

L194-15 15V-Positive voltage regulator with rectifying bridge 79 

L200 Adjustable voltage and current regulator 83 

L201 High voltage, high current 7 darlington arrays 93 

L202 High voltage, high current 7 darlington arrays 93 

L203 High voltage, high current 7 darlington arrays 93 

L204 High voltage, high current 7 darlington arrays 93 

L290 Tachometer converter 98 

L291 5 bit D/A converter and position amplifier 104 

L292 Switch-mode driver for DC motors 110 

L293 Push-pull four channel driver 122 

L293E Push-pull four channel driver 122 

L294 Switch-mode solenoid driver 130 

L487 Low dropout 5V regulator with reset 136 

L601 High voltage, high current 8 darlington arrays 139 

L602 High voltage, high current 8 darlington arrays 139 

L603 High voltage, high current 8 darlington arrays 139 

L604 High voltage, high current 8 darlington arrays 139 

L702 Quad darlington switch 142 

L2605 5V-Positive voltage regulator for automotive 146 

L2685 8.5V-Positive voltage regulator for automotive 146 

L2610 lOV-Positive voltage regulator for automotive 146 

L3654 Printer solenoid driver 148 

L7805 Positive voltage regulator (1A-5V) 153 

L7806 Positive voltage regulator (1A-6V) 153 

L7808 Positive voltage regulator (1A-8V) 153 

L7812 Positive voltage regulator (1A-12V) 153 

L7815 Positive voltage regulator (1A-15V) 153 

L7818 Positive voltage regulator (1 A-18V) 153 

L7820 Positive voltage regulator (1A-20V) 153 

L7824 Positive voltage regulator (1A-24V) 153 

L78M05 Positive voltage regulator (0.5A-5V) 165 

L78M06 Positive voltage regulator (0.5A-6V) 165 

L78M08 Positive voltage regulator (0.5A-8V) 165 

L78M12 Positive voltage regulator (0.5A-12V) 165 

L78M15 Positive voltage regulator (0.5A-15V) 165 

L78M18 Positive voltage regulator (0.5A-18V) 165 

L78M20 Positive voltage regulator {0.5A-20V) 165 

L78M24 Positive voltage regulator (0.5A-24V) 165 
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ALPHANUMERICAL INDEX (continued) 



Type 



Function 



Page 



L78S05 Positive voltage regulator (1.5A-5V) 175 

L78S75 Positive voltage regulator (1.5A-7.5V) 175 

L78S09 Positive voltage regulator (1.5A-9V) 175 

L78S10 Positive voltage regulator (1.5A-10V) 175 

L78S12 Positive voltage regulator (1.5A-12V) 175 

L78S15 Positive voltage regulator (1.5A-15V) 175 

L78S18 Positive voltage regulator (1.5A-18V) 175 

L78S24 Positive voltage regulator (1.5A-24V) 175 

L7905 Negative voltage regulator (1A-5V) 187 

L7952 Negative voltage regulator (1A-5.2V) 187 

L7908 Negative voltage regulator (1A-8V) 187 

L7912 Negative voltage regulator (1A-12V) 187 

L7915 Negative voltage regulator {1A-15V) 187 

L7918 Negative voltage regulator (1A-18V) 187 

L7920 Negative voltage regulator (1A-20V) 187 

L7924 Negative voltage regulator {1A-24V) 187 

LM117 1.2V to 37V adjustable regulator 192 

LM217 1.2V to 37V adjustable regulator 192 

LM317 1.2V to 37V adjustable regulator 192 

LM324 Low power quad operational amplifier 198 

LM324A Low power quad operational amplifier 198 

LM339 Quad voltage comparator 205 

LM339A Quad voltage comparator 205 

LM2902 Low power quad operational amplifier 198 

LS025 Balanced modulator 211 

LS045 Channel amplifier 218 

LSI 01 High performance operational amplifier 222 

LS107 Frequency compensated operational amplifier 231 

LSI 41 Frequency compensated operational amplifier 236 

LS141 A Frequency compensated operational amplifier 236 

LS141C Frequency compensated operational amplifier 236 

LS148 Operational amplifier 243 

LS148A Operational amplifier 243 

LS148C Operational amplifier 243 

LS150 High performance 80 dB compandor 251 

LSI 56 Telephone speech circuit 259 

LSI 59 High reliability transistor array 271 

LS201 High performance operational amplifier 222 

LS204 High performance dual operational amplifier 276 

LS204A High performance dual operational amplifier 276 

LS204C High performance dual operational amplifier 276 

LS207 Frequency compensated operational amplifier 231 

LS285 Telephone speech circuit 284 

LS285A Telephone speech circuit 284 

LS288 Programmable telephone speech circuit 292 

LS301 High performance operational amplifier 222 
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ALPHANUMERtCAL INDEX (continued) 



Type 



Function 



Page 



LS307 Frequency compensated operational amplifier 231 

LS342 Multifrequency to telephone line interface circuit 303 

LS356 Telephone speech circuit 307 

LS404 High performance quad operational amplifier 320 

LS404C High performance quad operational amplifier 320 

LS656 Telephone speech circuit 329 

LS709 Operational amplifier 342 

LS709A Operational amplifier 342 

LS709C Operational amplifier 342 

LS776 Programmable operational amplifier 347 

LS776C Programmable operational amplifier 347 

LS4558N Dual high performance operational amplifier 357 

IVIC1458 Dual operational amplifier 364 

MC1458C Dual operational amplifier 364 

TAA550 TV voltage stabilizer 14 

TAA611A 1.8W audio amplifier 14 

TAA611B 2.1W audio amplifier 14 

TAA61 1C 3.3W audio amplifier 14 

TBA231A Dual audio preamplifier . 367 

TBA331 General purpose transistor array 371 

TBA800 5W audio amplifier . 377 

TBA810CB 7W audio amplifier for CB radio 382 

TBA810P 7W audio amplifier 389 

TBA810S 7W audio amplifier 396 

TBA820 2W audio amplifier 14 

TBA820M Minldip 1,2W audio amplifier 402 

TCA830S 3.4W audio amplifier . 14 

TCA900 Motor speed regulator . 409 

TCA910 Motor speed regulator 409 

TCA940N low audio amplifier 413 

TCA 3089 FM-IF radio system 420 

TCA 3189 FM-IF high quality radio system 427 

TDA 440S TV vision IF system 433 

TDA1054M Preamplifier with A LC for cassette recorders 442 

TDA1 151 Motor speed regulator 453 

TDA1 170 TV vertical deflection system 459 

TDA1170D Low-noise TV vertical deflection system 469 

TDA1 170N Low-noise TV vertical deflection system 475 

TDA1 170S TV vertical deflection system 481 

TDA1 180P TV horizontal processor 493 

TDA1 190Z Complete TV sound channel 506 

TDA1200 FM-IF radio system 14 

TDA1220A AM~FM radio 514 

TDA1220B AM-FM quality radio 530 

TDA1220L Low voltage AM-FM radio 535 

TDA1410A Quasi-complementary dual darlington , 14 
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ALPHANUMERICAL INDEX (continued) 



Type 



Function 



Page 



TDA1420A Quasi-complementary dual darlington 14 

TDA1420L Quasi-complementary dual darlington 14 

TDA1470 Vertical deflection system 540 

TDA1670 Vertical deflection circuit 551 

TDA1770 Vertical deflection circuit 563 

TDA1904 4W audio amplifier 575 

TDA1905 5W audio amplifier with muting 579 

TDA1908 8W audio amplifier 592 

TDA1910 low audio amplifier with muting 603 

TDA2002 8W car radio audio amplifier 616 

TDA2003 low car radio audio amplifier 623 

TDA2004 10 + low stereo amplifier for car radio 632 

TDA2005 20W bridge amplifier for car radio . 642 

TDA2006 low audio amplifier 656 

TDA2008 12W audio amplifier 666 

TDA2009 10 + low Hi-Fi amplifier 672 

TDA2010 12W Hi-Fi amplifier . 683 

TDA2020 20W Hi-Fi amplifier 691 

TDA2020D 40W audio driver 700 

TDA2030 14W Hi-Fi amplifier 711 

TDA2030A 18W Hi-Fi amplifier 721 

TDA2040 22W Hi-Fi amplifier 735 

TDA2054M Preamplifier with ALC for cassette recorders 742 

TDA2140 PALSubcarrier Reference Oscillator for Colour TV 14 

TDA2151 Luminance and Chrominance Amplifier for Colour TV 14 

TDA2161 Synchronous Demodulator and RGB Matrix for Colour TV .... 14 

TDA2170 TV vertical deflection output circuit 749 

TDA2190 Complete TV sound channel with VCR and CCC 756 

TDA2310 Hi-Fi dual preamplifier 775 

TDA2320 Preamplifier for infrared remote control systems 784 

TDA2320A Minidip stereo preamplifier 790 

TDA3190 Complete TV sound channel 800 

TDA3310 Low noise NPN transistor array 14 

TDA3410 Dual low noise tape preamplifier with autoreverse 809 

TDA3420 Dual low noise tape preamplifier 817 

TDA4092 5 bit binary to 7 segment decoder driver 824 

TDA4420 Vision IF system with AFC 830 

TDA4431 TV signal identif. and AFC interface 837 

TDA4433 TV signal identif. and AFC interface 837 

TDA7270S Multifunction system for tape players 845 

TDA7770 Multifunction system for tape recorders 14 



APPLICATION GUIDE: CONSUMER CIRCUITS 



TV 



Audio Power Amplifiers 



'Jii^l^i^^ 


vtt;:tji^»^||tV^^^ 


Complete sound channel 


TDA1190Z 

TDA2190 

TDA3190 


c 
o 

1 

CD 

Q 


Horizontal 


TDA1180P 


Vertical 


TDA1170 

TDA1170D 

TDA1170N 

TDA1170S 

TDA1470 

TDA1670 

TDA1770 

TDA2170 


Video IF system 


TDA440S 
TDA4420 


CO 

E 
o 


Oscillator 

Lumin. & Chromin. 

Demodulator 


TDA2140 
TDA2151 
TDA2161 


TV signal identification 


TDA4431 
TDA4433 


Varicap supply 


TAA550A 
TAA550B 
TAA550C 


TV channels display driver 


TDA4092 



Preamplifiers 



MI^H^BBMBJ 


iii^^KiiiS 


General purpose 


TBA231A 


Tape 


TDA1054M 
TDA2054M 
TDA3410 
TDA3420 


Hi-Fi 


TDA2310 


Infrared receiver 


TDA2320 


Stereo preamplifier 


TDA2320A 



Tape Recorders 



^^^^^^^^M 


DEVICE 


DC Motor Regulators 


TCA900 
TCA910 
TDA1151 


Multifunction 


TDA7270S 



J:^^|»|*^|l^jSj5^ 


fSJ|i||i||;S^^ 


Car radio 


TBA810P 

TBA810S 

TBA810CB 

TDA2002 

TDA2003 

TDA2004 

TDA2005 


Portable radio 


TAA611A 

TAA611B 

TAA611C 

TBA820 

TBA820M 

TDA1904 

TDA1905 


TV receiver 


TBA800 

TCA940N 

TDA1904 

TDA1905 

TDA1908 

TDA2006 

TDA2008 

TDA2009 


Hi-Fi and Hi-Fi TV 


TDA1910 

TDA2009 

TDA2010 

TDA2020 

TDA2030 

TDA2030A 

TDA2040 


Driver 


TDA2020D 
TDA2030A 



Radio 



i^^^^HiiiB 


^^^^H 


IF/FM radio system 


TCA3089 
TCA3189 
TDA1200 


AM/FM radio 


TDA1220A 
TDA1220B 
TDA1220L 



Transistor Array 






NPN array 



LS159 
TBA331 



APPLICATION GUIDE: PROFESSIONAL CIRCUITS 



Operational Amplifiers 



Single general purpose 



Single high performance 



Programmable 



Dual general purpose 



Dual high performance 



Quad high performance 



LS1 07/207/307 
LS141/A/C 
LS148/A/C 
LS709/A/C 



LS101/201/301 



LS776/C 



MC1458/C 



LS204/A/C 
LS4558N 



LM324/A 
LM2902 



LS404/C 



Telecommunications Circuits 



^^^^^^•^B 


^^^^^H 


Balanced modulator 


LS025 


Channel amplifier 


LS045 


Compandor 


LSI 50 


Telephone speech circuit 


LSI 56 

LS285/A 

LS288 

LS356 

LS656 


Multifrequency interface 


LS342 


Op-amps for active filter 


LS204 
LS404 



Positive Voltage Regulators 



^iliitt&hiS^^^^S^^^^S 



Positive fixed 



Negative fixed 



With integrated bridge 



Adjustable 



Automotive 



Very low drop 



L7800 series 
L78M00 series 
L78S00 series 



L7900 series 



LI 94 series 



L123 
L146 
L200 
LM1 17/217/317 



L2600 series 



L487 



Industrial Circuits 



FUfSJCTfOM 


DEVICE 


Power operational amplifier 


L165 


DC motor positioning 
system 


L290 
L291 
L292 


DC and stepping 
motor driver 


L293 
L293E 


Switch-mode solenoid driver 


L294 


Printer solenoid driver 


L3654 


Quad comparator 


LM339 


Darlington array 


L201/2/3/4 
L601/2/3/4 
L702 


Current boosters 


L149 

TDA1410A 
TDA1420A 
TDA1420L 


Triac/SCR control 


LI 20 A 
L121A 
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AUDIO POWER AMPLIFIERS 



Selection table (test conditions; d = 10%, f = 1 kHz) 



Supply 
(V) 


Device 




Output Power (WK 


, . R^.- 2a 


Rl,= 4a 


Rl= sa 


Rl= . . . . . 


4 


TBA820M 




0.35 






6 


TAA611A 
TBA810S 
TBA820M 
TDA1904 




0.5 

1 

0.75 

0.8 


0.35 
0.45 




9 


TAA611A 

TAA611B 

TBA810P 

TBA820 

TBA820M 

TDA1904 

TDA1905 


3.4 


1.8 
1.8 
2.5 
1.6 
1.6 
2.2 
2.5 


1.15 
1.15 

1.2 
1.2 

1.3 




12 


TAA611B 
TAA611C 
TBA820 




3 


2.1 

2.1 

2 




14.4 


TBA810CB 

TBA810P 

TDA1904 

TDA1905 

TDA1908 

TDA2002 

TDA2003 

TDA2004 

TDA2005 


7 
7 

8 

10 

2x10 

2x10 


6 

6 

4.5 

5.4 

5.8 

5.2 

6 

2x6.5 

2x6.5 (°) 


3 
3 


12 

2x11 

2x11 


RL=1.6n 


18 


TBA800 
TCA940N 
TDA1905 
TDA1908 




9 
9 


4.5 
5 

5.5 
5 




22 


TDA2008 




12 


8 




23 


TDA2009 




2x10 


(°) 




24 


TBA800 
TDA1905 
TDA1908 
TDA2006 




12 


8 


5 

5.3 

5 


RL=16n 


28 


TDA2010* 
TDA2030* 




12 
14 


9 
9 




32 


TDA2030A* 
TDA2040* 




18 
22 


12 
12 




36 


TDA2020* 




20 


- 





°) 20W in Bridge 



(*) d = 0,5%, f = 1 KHz. 
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OPERATIONAL AMPLIFIERS 



IKBS^BI 


li^^Wl 


Siiiiiilliii 


Wi 


Input 


^^M 


Max ^ppty 


iliiSlliiiiiilllilil 


^^H 




Bias Curr. 
(nA) 




Voltage 


SSIIKSIiSlHSiSSI 


LS101T 


-55 to 125 




90 


120 


10 


±22 


TO-99 


LS101AT 


-55 to 125 




96 


30 


10 


±22 




LS107T 


-55 to 125 


• 


96 


30 


0.7 


±22 


^^^ 


LS141T 


-55 to 125 


• 


90 


80 


0.5 


±22 


.^- / 


LS141AT 


-55 to 125 


• 


95 


30 


0.7 


±22 


w 


LS141CT 


0to70 


• 


90 


80 


0.5 


± 18 


LS148T 


-55 to 125 




90 


80 


5.5 


±22 


LS148AT 


-55 to 125 




95 


20 


5.5 


±22 




LS148CT 


0to70 




90 


80 


5.5 


±22 




LS201T 


0to70 




90 


250 


10 


±22 




LS201AT 


-25 to 85 




96 


30 


10 


±22 




LS207T 


-25 to 85 


• 


96 


30 


0.7 


±22 




LS301AT 


0to70 




90 


70 


10 


± 18 




LS307T 


0to70 


• 


90 


70 


0.5 


±18 




LS709T 


-55 to 125 




90 


200 


0.25 


±18 




LS709AT 


-55 to 125 




110 


100 


0.25 


±18 




LS709CT 


0to70 




90 


300 


0.25 


± 18 




LS776T 


-55 to 125 


• 


90 


15 


0.35 


± 18 




LS776CT 


Oto70 


• 


90 


15 


0.8 


± 18 




LS204T* 


-25 to 85 


• 


100 


50 


1.5 


±18 




LS204AT* 


-55 to 125 


• 


100 


50 


1.5 


±18 




LS204CT* 


Oto70 


• 


95 


80 


1 


± 18 




LS141CM. 


0to70 


• 


90 


80 


0.5 


±18 


Minidip 


LS148CB 


0to70 




90 


80 


5.5 


±22 




LS201B 


0to70 




90 


250 


10 


±22 




LS301AB 


0to70 




90 


70 


10 


±18 


f==^ 


LS307B 


to 70 


• 


90 


70 


0.5 


±18 


MlOTiOf 


LS776CB 


0to70 


• 


90 


15 


0.8 


±18 


iWt 


LS204CB* 


0to70 


• 


95 


80 


1 


± 18 


J 'J J ^ 


LS4558NB* 


0to70 


• 


90 


50 


1.5 


± 18 




MC1458P1* 


0to70 


• 


90 


80 


0.5 


±18 




MC1458CP1* 


0to70 


• 


90 


80 


0.5 


±18 




LS141CM 


Oto70 


• 


90 


80 


0.5 


± 18 


SO-8 


LS148CM 


0to70 




90 


80 


5.5 


±22 




LS201M 


0to70 




90 


250 


10 


±22 




LS301AM 


0to70 




90 


70 


10 


±18 




LS307M 


0to70 


• 


90 


70 


0.5 


±18 




LS776CM 


to 70 


• 


90 


15 


0.8 


+ 18 


t: ^ 


LS204M* 


-25 to 85 


• 


100 


50 


1.'5 


±18 


^jjjy 


LS204CM* 


0to70 


• 


95 


80 


1 


± 18 




LS4558NM* 


0to70 


• 


90 


50 


1.5 


±18 




MC1458IVI* 


0to70 


• 


90 


80 


0.5 


±18 




MC1458CM* 


0to70 


• 


90 


80 


0.5 


±18 




LM324N** 


-25 to 85 


• 


70 


45 




32 


DIP 


LM324AN** 
LM2902N** 


-55 to 125 
0to70 


• 
• 


85 
70 


45 
45 




32 
32 




MSmJuurriT 


LS709CB 


0to70 




90 


300 


0.25 


± 18 


WrWn 


LS404CB** 


0to70 


• 


90 


100 


1 


±18 


'J' I' U J Ul (J J 


LM324CM** 


-25 to 85 


• 


70 


45 




32 


so- 14 


LM2902CM** 


0to70 


• 


70 


45 




32 




LS404M** 


-25 to 85 


• 


94 


50 


1 


± 18 


^iflfUUIJ^ 


LS404CM** 


0to70 


• 


90 


100 


1 


±18 





Dual 



Quad. 
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POSITIVE VOLTAGE REGULATORS 



(^ max 

m 



Oevjce 



;R«gulated^*^#wt yoJtag«! (V 



. :^ , ^;7,S;^';;:;,^-:,;;S4_;, 9;;;:,t0:;;::i^'.::,.:i^ 



P^ibicaga 



L200CH/CV 
L200CT/T 
L78S00CV 
L78S00CT/T 



2.9- 
2.9- 



-ADJUSTABLE - 



ADJUSTABLE— 

• • # • • • • 

# • # • # • • 



►36 
►36 



Pentawatt® 

TO-3 (4-lead) 

Versawatt 

TO-3 



1.5 



LIVI117K 
LM217K 
LM317K 
LM317T 



1.2- 
1.2- 
1.2- 
1.2- 



-ADJUSTABLE- 
ADJUSTABLE - 
■ADJUSTABLE■ 
ADJUSTABLE 



-37 
►37 
►37 
►37 



TO-3 
TO-3 
TO-3 

Versawatt 



L7800CV 
L7800CT/T 






Versawatt 
TO-3 



0.5 



L2600V 

L78M00CV 

L194-5V* 

L194-12V* 

L194-15V* 

L487 



Versawatt 
Versawatt 



Pentawatt 
Pentawatt 
Pentawatt 
Pentawatt 



0.15 



L123CB 
L123CT/T 
L146CB 
L146CT/T 



-ADJUSTABLE- 

- ADJUSTABLE - 

ADJUSTABLE - 

ADJUSTABLE - 



-^36 
-►36 
—77 
-►77 



P001-A 
TO- 100 
P001-L 
TO- 100 



With integrated rectifying bridge. 



NEGATIVE VOLTAGE REGULATORS 






iili^MBiSi 



iiBliiiWiiifi^SKii^MiBiii^^ 



jj^^l^il 



L7900CV 
L7900CT/T 



ws 






Mi 


















Versawatt 
TO-3 
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NOT FOR fSlEW DESIGN 



wmmmmsfmsm&si. 
mmmsmmmmmmm* 


^^^HHI 




^^H 
WKM 




TAA 550 


TV VOLTAGE STABILIZER 


TO-18 


- 


Vz - 30V to 36V, lz(max)= 20 mA 


TAA611A 
TAA 61 IB 
TAA611C 
TBA 820 
TCA 830S 


1.8W AUDIO AMPLIFIER 
2.1W AUDIO AMPLIFIER 
3.3W AUDIO AMPLIFIER 
2W AUDIO AMPLIFIER 
3,4W AUDIO AMPLIFIER 


14-D IP/TO- 100 
14-DIP 
14-DIP 
14-DIP 
FIN-DIP 


12 
15 
22 
16 
20 


Po = 1.8W {9V - 4n), Po = 1.15W {9V - 8n) 
Po = 2.1W(12V-8n), Po = 1.15W (9V-8n) 
Po = 3.3W(15V-8i2), Po = 1.7W{12V-8n) 
Po = 2W(12V-8n), Po = 1.2W{9V-8fi) 
Po=3.4W(12V-4n), Po=2.3W{12V-8n) 


TDA 1200 


FM-IF RADIO SYSTEM 


16-DIP 


16 


See TCA 3089 


TDA 1410A 
TDA 1420A 
TDA 1420L 


QUASI COMPLEMENTARY 
DUAL DARLINGTON 


PENTAWATT® 
PENTAWATT® 
PENTAWATT® 


36 
44 
40 


hFE>800@2A 
hFE>500@3A 
hpE>800@ 2A 


TDA 2140 
TDA 2151 
TDA 2161 


KIT CHROMA 


16-DIP 
16-DIP 
16-DIP 


15 
15 
15 




TDA 3310 


LOW-NOISE NPN TRANSISTORS 
ARRAY 


14-DIP 


20 


hpE > 300 @ 100 jLiA, NF = 0.5 dB 


TDA 7770 


MULTIFUNCTION SYSTEM FOR 
TAPE RECORDERS 


FIN-DIP 


20 


Motor speed regulator,Bias Oscillator, DC record- 
play switching. Automatic stop. 



PRECAUTIONS FOR PHYSICAL HANDLING OF POWER LINEAR ICs 

When mounting power ICs certain precautions must be taken in operations such as bending of leads, 
mounting of heatsink, soldering and removal of flux residue. If these operations are not carried out 
correctly, the device can be damaged or reliability compromised. 

1 . Bending and cutting leads 

The bending or cutting of the leads requires the following precautions: 

1.1 When bending the leads they must be clamped tightly between the package and the bending point 
to avoid strain on the package (in particular in the area where the leads enter the resin) (fig. 1). This 
also applies to cutting the leads (fig. 2). 

1 .2. The leads must be bent at a minimum distance of 3 mm from the package (fig. 3a). 

1.3. The leads should not be bent at an angle of more than 90° and they must be bent only once 
(fig. 3b). 

1.4. The leads must never be bent laterally (fig. 3c). 

1 .5. Check that the tool used to cut or form the leads does not damage them or ruin their surface. 



Fig. 1 - Bending the leads 



Fig. 2 - Lead forming or cutting mechanism 




Plastic 
Package 



II A 



Lead forming or cutting 



Spaced-^ W 



I — I Lead torn 
I meclnanis 



Clamp mechanism 



Fig. 3 - Angles for lead wire bending 



nx 
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2. Mounting on printed circuit 

During mounting operations be careful not to apply stress to the integrated circuit. 

2.1 . Adhere strictly to the pin spacing of the IC to avoid forcing the leads. 

2.2. Leave a suitable space between printed circuit and integrated circuit, if necessary use a spacer. 

2.3. When fixing the device to the printed circuit do not put mechanical stress on the IC. For this 
purpose the device should be soldered to the printed circuit board after the IC has been fixed to the 
heatsink and the heatsink to the printed circuit board. 

3. Soldering 

In general an IC should never be exposed to high temperatures for any length of time. It is therefore 
preferable to use soldering methods where the IC is exposed to the lowest possible temperatures for 
a short time. 

3.1 . Tolerable conditions are 260°C for 10 sec or 350°C for 3 sec. The graphs in fig. 4 give an idea of the 
excess junction temperature during the soldering process for a TO-220 (Versawatt). It is also im- 
portant to use suitable fluxes for the tin baths to avoid deterioration of the leads or of the package 
resin. 

3.2. An excess of residual flux between the pins of the integrated circuit or in contact with the resin can 
reduce the long-term reliability of the device. The solvent for removing excess flux must be chosen 
with care. 

The use of solvents derived from trichloroethylene is not recommended on plastic packages because 
the residue can cause corrosion. 



Fig. 4 - Junction temperatures during soldering 
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4. Mounting of heatsink 

To exploit best the performance of power ICs a heatsink with R^^ suitable for the power that the IC 
will dissipate must be used. 

4.1. The plastic packages used by SGS for its linear ICs (Pentawatt, Multiwatt, Versawatt) provide for j 
the use of a single screw to fix the package to the heatsink. A compression spring (clip) can be | 
sufficient as an alternative (fig. 5). I 

Fig. 5 - MULTIWATT® mounting examples \ 




Fig. 6 - Contact thermal resistance 
vs. tightening torque 



The screw should be properly tightered to ensure good 
contact between the back of the package and the heatsink 
but should not be too tight to avoid deformation of the 
copper part (tab) of the package causing breaking of the 
die or separation of the resin from the tab (fig. 6). 



4.2. The suggested tightening torques with a 3 MA screw are: 
Versawatt 6 Kg/cm 
Pentawatt 6 Kg/cm 

Multiwatt 8 Kg/cm 02.6 Torque (Kg, cm) 

If different screws are used the force transmitted to the tab must not exceed that encountered in 
the above conditions. 

When fixing the device avoid bumping or stressing the resin and pins with the tools used for this 
operation (pneumatic screw drivers, tweezers etc.). 
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Fig. 7 - Contact thermal resistance 
vs. insulator thickness 



4.3, The contact R^^ between device and heatsink can be im- 
proved by inserting a thin layer of silicone grease with 
fluidity sufficient to guarantee perfectly uniform distri- 
bution on the surface of the tab. The thermal resistance 
with and without silicone grease is given In fig. 7. An 
excessively thick layer or an excessive viscosity of the 
silicone grease can be damaging for the Rt^ and for any 
tab deformations. 



5. Heatsink problems 

The most important aspect from the point of view of 

reliability of a power IC is that the heatsink should be ° °°' °'° °" ''^'""' 

dimensioned to keep the Tj of the device as low as 

possible. From the mechanical point of view, however, the 

heatsink must be realized so that it does not damage the 

integrated circuit. 

5.1. The planarity of the contact surface between device and heatsink must be < 10 jum for Pentawatt 
and Versawatt and < 20 jum for Multiwatt. 

5.2. If self threading screws are used there must be an outlet for the material that is deformed during 
formation of the thread. The diameter <j) 1 (fig. 8) must be large enough to avoid distortion of the 
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Fig. 8 - Device mounting 








WRONG 



RIGHT 



tab during tightening. For this purpose it may be useful to insert a washer or use screws of the type 

shown in fig. 9 where the pressure on the tab is distributed on a much larger surface. Sometimes 

when the hole in the heatsink is formed with a punch, around the hole 

or hollow there may be a ring which is lower than the heatsink surface. Fig. 9 - Suggested screw 

This is dangerous because it may lead to distortion of the tab as men- pT" 

tioned before. 




5.3. A very serious problem is that of the rigidity between heatsink, device 
and printed circuit board. When mounting the heatsink, device (which 
may be fixed to frame of apparatus) and printed circuit board are 1'°°'° 

bound together by the leads of the device. A solution of this type is extremely dangerous,especially 
if the equipment is subjected to vibrations. 
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SEMICONDUCTOR USERS RELIABILITY EVALUATION 

SGS SURE ill programme is an important improvement of SURE il programme obtained with tightened 
quality levels. Moreover there are many level's options to satisfy various customer's requests. 

SGS SURE III programme aims to inform customers of basic production operations and internal quality 
and reliability assurance procedures, paying particular attention to the tests and guarantees on the 
finished product. 

This programme covers the set of 100% operations, controls and testing operations undergone by the 
devices produced to standard specification, i.e. without any special customer requirements. 
In other words, unless special co-produced specifications are used, the majority of SGS customers in the 
professional, consumer and industrial markets buy products tested according to the SURE III pro- 
gramme. 

The programme thus fully meets the requirements of almost all applications. 

Moreover, since the programme offers more options, the customer can request the product with certain 
supplementary screenings, while the entire production process, apart from the optional operations 
Indicated in the programme, remains Identical to that of the standard product. 



General Information 

This information is valid for all products ordered from SGS or which are ordered to one of the SURE 
Programme options. 

Marking 

Each device will be marked In a contrasting Ink with the following standard information (if sufficient 
space is available); 

1 - SGS logo 

2 — Device type as shown in the detail specification 

3 — Manufacturing plant number 

4 — Lot code (Production lot) 

Packing 

Device will be packed in the SGS standard package. 

The following information will be marked on the primary package. 

1 - SGS logo 

2 — Device type as shown on the order confirmation 

3 — Quantity in the package 

4 — SGS order confirmation 

5 — Warning label on Mos products 

Testing and finishing 

1 — Screenings according to MIL or CECC or however to this programme 

2 — 100% electrical testing according to SGS data sheet 

3 — Temperature acceptance 

When an extended temperature range Is guaranteed SGS Outgoing QC may carry out the test at tempe- 
ratures other than those shown on the data sheet on the basis of temperature correlation of the 
parameters. 

SGS, guarantees the applicability of the AQL levels at the temperature limits and will accepts any lot 
rejected as a consequence. 
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External visual and Mechanical Inspection Criteria (group A Acceptance) 

— Inoperative mechanical defects (critical): 

e.g. wrong pin indication, wrong marking or splitting, broken or weakened leads, short circuits bet- 
ween leads, missing or partially detached cap, mixed package, cap and frame not aligned at the same 
side, catastrophic bent leads. 

— Major defects (significant mechanical defects, but not functional defects): 

e.g. open packages, deformed leads, unmarked packages or with illegible marking, deep cracks on 
packages, incomplete tinning or with bubbles — roughness — blackenings, lead straightness and 
position not in accordance with relevant drawing. 

— Minor defects: 

Reference specification 

a) Basic Sampling Procedures and tables for inspection by attributes: MIL-STD-105D, lEC 410. 

In general the single sampling plan will be used but it is acceptable for the customer to use double or 
multiple sampling (with, naturally, the same AQLs and inspection levels). 
Similarly Q.C. managers can also use double or multiple sampling. 

b) The Sure ill Programme has been prepared considering the following specs: I EC 68-2, MIL-STD- 
883B, CECC 50000, MIL-STD-38510 D and lEC 147-5. 

It should be noted that conformance with these specs should be assumed only where specifically 
stated in this programme. 

Precedence of documents 

For the purpose of contractual interpretation in case of conflict, documents shall take the following 
order of precedence: 

1 — Purchase order or contract. The text of the order or contract prevails over any other specification. 

2 — Detail specification. The detail specification agreed between customer and vendor prevails over this 

present specification and any other reference specification. 

3 — Generic specification. The generic specification (including this programme) prevails over ail refer- 

ence specifications. 

4 — Relevant specification. All reference documents apply only to the extent defined here in. 

Essential terms and definitions 

For the purpose of interpretation of this general specification the following terms and definitions are 
applied: 

Detail/relevant/biank specification 

A specification which covers a particular component or range of components, and which describes that 
component including rated and/or limiting values and characteristics. The detail specification will also 
give the inspection requirements or appropriate reference to this general specification. 

Inspection lot 



A quantity of components presented together for inspection from which a sample is to be drawn and 
inspected to determine conformance with the acceptance criteria of the specification. 
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Production lot 

Consists of one lot of devices sealed within a period not exceeding six weeks. 

Delivery lot 



A quantity of components delivered to an order at one time. One delivery lot may consist of one or 
more inspection lots or parts thereof. 

Structurally similar devices 



Structurally similar devices are those devices produced concurrently through final seal by the same 
fabrication techniques, using the same type of machines and apparatus and having the same basic design 
rules and the same packaging. 

Details of structural similarity for various components will be defined, when required, by the SGS 
Quality Assurance Mgr(s). 

Certificate of Conformance 



A document issued with a delivery lot stating that the components have been taken from one or more 
inspection lots accepted under the requirements of the particular specification. 
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Standard production process flow chart 



KEY: 




100% OPERATION/SCREENING 

IN-PROCESS CONTROL (MONITOR) 

GATE INSPECTION (SAMPLE ACCEPTANCE) 



HERMETIC PACKAGE 
PROCESS 



MOLDED PACKAGE 
PROCESS 



1 D 
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MATERIAL INSPECTION 

Starting materials are inspected following written specification and 

records are maintained for traceability. 

WAFER FABRICATION 

Masking, etching, diffusion and metallization processes produce 

finished dice in wafer form. 



— rn IN-PROCESS CONTROL 

Wafers and process environment are inspected at main process steps. 

ELECTRICAL WAFER SORT 

Each die is electrically tested and identified when doesn't meet 

electrical requirements. 

FINISHED WAFER INSPECTION 

Active surface and back finish are inspected on each diffusion lot 

before release for die fab and assembly. 

DIE-FABRICATION 

Wafers are separated into individual dice and electrical rejects are 

removed. 

VISUAL SCREENING 

Dice are inspected and selected at high magnification. 

QUALITY INSPECTION 

Each dice lot is accepted before assembly (visual inspection of active 

surface) 

DIE ATTACH 

10 — n QUALITY CONTROL (Table I) 

Daily visual and mechanical (die shear strangth) control. 



cp 

o 
a- 



11 



6 



D- 



WIRE BOND 
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Standard production process flow chart (continued) 



HERMETIC PACKAGE 
PROCESS 



MOLDED PACKAGE 
PROCESS 
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13 
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!_rn QUALITY CONTROL (Table I) JTL^ 

*~^ Daily visual and nnechanical (bond strength) control. ^"^ 

PRECAP VISUAL 

Assembled but unsealed units are individually inspected at low and 

high power magnifications. 

QUALITY INSPECTION (Table I) 

Each lot is accepted before sealing to verify compliance to precap 

inspection specifications. 



15 C J FINAL SEAL 

16 MOLDING AND CURING 

17 — □ SEALING ATMOSPHERE CONTROL (Table I) 

18 — □ SEAL AND LID TORQUE CONTROL (Table I) 

19 C) TEMPERATURE CYCLING (Table I) 
CROPPING 
CROPPING CONTROL 

LEAD FINISH 

LEAD FINISH INSPECTION (SOLDERABILITY - Table I) 

24 C } FINAL CROPPING 

25 I — Q INTERNAL WATER-VAPOR CONTENT CONTROL (Table I) 

26 (7) HIGH IMPACT SHOCK (Table I) 

27 Ll RAW LINE INSPECTION (Table I) 



D- 
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— Q GROUPS B, C, AND D TESTS 



QUALITY CLASSES 
OPTIONS 



QUALITY CLASSES 
OPTIONS 
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Production quality tests description and screenings 



TABLE 



mm 


T« 


Pescr tption 


10 


DIE-ATTACH CONTROL 


MIL STD 883B Mth 2010 cond. B (internal visual) and Mth 2019 
(die shear strength). 


12 


BONDING CONTROL 


MIL STD 883B Mth 2010 cond. B (internal visual) and Mth 2011 
cond. C (bond strength). 


14 


PRECAP INSPECTION 


MIL STD 883B Mth 2010 cond. B (internal visual) 


17 


SEALING ATMOSPHERE 
CONTROL 


Moisture content: 

< 50 ppm for Ceramic packages 

< 120 ppm for Metal Can packages 
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SEAL CONTROL 


- Fine Leak: 

— Metal can packages 

lEC 68-2-17 test QK (CECC 50000 para 4.4.10) 

Helium leak detector after pressurizatlon in He for 16 hrs at 5 

atm. 

Limiti5. 10--^ cc/s 










— Ceramic packages 

MIL STD 883B Mth 1014 cond. A1 

Helium leak detector after pressurizatlon in He for 2 hrs at 
4 atm. 

Limit: 5 • 10"* cc/s for I.C.V. * < 0.4 cc 
5-10-'' cc/s for I.C.V. > 0.4 cc 






* (I.C.V. = internal cavity volume). 






— Gross Leak: 

— Metal Can packages 

lEC 68-2-17 test Qc Mth 2 (CECC 50000 para 4.4.10). 
Bubble test in mineral oil at Tgmb'^ 125°C after pressur- 
izatlon in He for 16 hrs at 5 atm. 

— Ceramic packages 

M 1 L STD 883B Mth 1 01 4 cond. C. 




LID TORQUE TEST 
(CONTROL) 


- Ceramic Packages only -MIL STD 883B Mth 2024. 
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TEMPERATURE 
CYCLING 


— From -25°C to +150°C; 30 min at extreme temperatures; 
5 minutes transfer time; n° 5 cycles 


20-21-24 


CROPPING 


Not for Metal Can packages. 
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SOLDERABILITY 
INSPECTION 


- lEC 68-2-20 Test TA (bath method) - CECC 50000 para 
4.4.7 - 230 ± 5°C with preconditioning for 16 hrs at 155°C. 


25 


INTERNAL WATER VAPOR 
CONTENT CONTROL 


Dew Point method MIL STD 883B Mth 1018 procedure 3 - 5000 
ppm max. (dew point temperature less than -15°C). 


26 


HIGH IMPACT SHOCK 


Metal Can packages only except TO-3 and TO-66. 
20000 G min.; T = 25 ^sec min; Y1 axis only. 


27 


RAW LINE INSPECTION 


— External Visual 

- MIL STD 883B Mth 2009. 

— Lid torque test: as per step 18. 

— Centrifuge (ceramic packages only) 
MIL STD 883B Mth 2001 

— High Impact Shock: as per step 26 

— Seal control : as per step 1 8 
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Available class options {* 



HERMETIC 



MOLDED 



-J ESA/SCCG specs I 
U 1 



- MIL class B 



Class B1 



MIL class C 



(81 160 hrs) 



Class 82 



(8! 48 hrs) 



Class .83 



(Automotive) 



Class 84 



*- Class STD 



- Class 83 



(Automotive) 



- Class 84 



^ Class STD 



(*) SGS-A TES will also supply devices to CECC specifications when these are issued. 



Quality & reliability tests 



#^SlSiiPMvS"SS 


pl^^^JI 


iBR^B^^Bi 


A 
B 
C 
D 


Each lot 
Each lot 
3 months 
6 months 


Each lot 

See group C 

3 months 

6 months 
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Quality class options 



B1 

(Hermetic packages only) 
100% electrical test 
Group A acceptance (STD) 
Marking 
Burn-in 160 H 
100% electrical test 
Group A acceptance (61) 

Pack 

Pack and documentation ace. 

Ship 



B2 

(Hermetic packages only) 
Reduced electrical test 

Marking 
Burn-in 48 H 
100% electrical test 
Group A acceptance (B2) 

Pack 

Pack and documentation ace. 

Ship 



B3, 84, STD 

(Hermetic and molded packages) 
100% electrical test 

Marking 



Group A acceptance (B3 or B4 
or STD) 

Pack 

Pack and documentation ace. 

Ship 



Group A acceptance (♦) 






















iftiHl 




1:11111 


^B 


^^^^^^^^^^^^^^M 


^^^M 


^^^^^^^M 


M 


i^K 


M 


^K 


W 


IM 


B4 


STD° 


A1 


Visual and mechanical insp. 
Major 1 
Minor 




1 


0.25 
1 


0.25 
1 


0.25 
1 


0.25 
1 


0.25 
1 


0.25 
1 


0.25 
1 


0.25 
1 


A2 


Inoperative failure 
(electrical and mechanical) 
over guaranteed tempe- 
rature range 


•max 

25° C 

' mill 


II 


0.15 


0.15 


0.15 


0.065 


0.1 


0.1 


!"_■ 


0.1 


A3 


DC parameters and main 
AC parameters over 
guaranteed temperature 
range 


Tmax 

25° C 

"^min 


II 


0.65 


0.65 


0.65 


0.25 


0.25 


0.4 


0.4 


0.4 


A4 


Other AC parameters 


25° C 


S4 


1 


1 


1 


0.65 


0.65 


0.65 


0.65 


0.65 



Parameters are guaranteed within the temperature range by 25° C correlation measurements. 
* Automotive devices only. 
(♦)For MIL class B/C and ESA/SCCG products see relevant SGS-ATES documents. 
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TABLE III - Group C tests - every 3 months on raw line material (♦) 



::''■: ■■'\^^§^^:!0t»Stsi^'':^ 


;;:k,;;P^ 




Max. 
MO 


^■^■#itotJ;:^:: 


''■[^■'/■f^'m^^^^ 


Subgroup 1 

Physical dimensions 


2016 




2 devices (no failure) 


Subgroup 2 (1) 

Resistance to solvent 


2015 


- Ceramic packages 

- Molded packages: solvent solution 2.1 A only 

- Metal can packages 


4 devices (no failure) 


Subgroups (1) 
Solderability (2) 


2003 


- Soldering temperature of 260 + 1 0°C or 1 EC 
method 68-2-20 test Ta (230 ± 5°C) 


15 


2 


Subgroup 4 

Steady state and operating life 
test or 
Intermittent life test 

End-point electrical 
parameters 


1005 


— 1000 hrs; according to device spec, type 

- 5000 cycles 

Key parameters (Table V); measurements at 0, 168, 
500 and 1000 hrs. 


5 


2 


Subgroup 5 

(Hermetic packages only) 
Temperature cycling 
Constant acceleration 

Seal (4) 

a) fine 

b) gross 

End-point electrical paramet. 


1010 
2001 

1014 


- Test condition C (10 cycles -65°C to +150°C) 

- Test condition E (30000 G) Y1 orientation only(3) 

- Test condition A1 or lEC 68-2-17 method, test Q^ 

- Test condition C or lEC 68-2-17 method, test Qc 
(Mth 2 - mineral oil at T = 125°C) 

Key parameters (Table V) 


15 


2 


Subgroup 6(1) 

(Moldel packages only) 
Pressure pot 

End-point electrical 




121°C, 2 atm, for 48 to 96 hrs, according to 

package type 

Key parameters (Table V) 


15 


2 



(1) Performed weekly on finished products. 

(2) According to I EC Mth 68-2-20 test T/x- 

(3) 20000 G for packages with cavity perimeter of 2 inches or more and/or with a mass of 5 grams or more. 

(4) Metal can packages: according to I EC 68-2-17 tests Q^ and Q(. 
Ceramic packages : according to Ml L-STD-883B Mth 1014. 

(♦) For MIL class B/C and ESA/SCCG products see relevant SGS-ATES documents. 
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TABLE IV - Group D tests - every 6 months on raw line material (♦) 





■i^^M^^^^^^^MI^^^K 


^B 


^P 


^B 


^^^^^^W^^^^^^W 


Subgroup 1 

Design and temperature 
electrical characteristics 




This subgroup comprises those parameters comple- 
mentary to group A parameters. As alternative to 
LTPD sampling plan. X-R charts may be used to keep 
the process under control. 


30 


2 


Subgroup 2 

Lead integrity 

Seal 

(hermetic packages only) (1) 

a) fine 

b) gross 

Lid torque (2) 
(hermetic packages only) 


2004 
1014 

2024 


Test condition B2 (lead fatigue) 

Test condition A1 or lEC 68-2-17 method, test Qk 
Test condition C or lEC 68-2-- 17 method, test Qc 
(method 2, mineral oil at T = 125°C) 


15 


2 


Subgroup 3 

Thermal shock 
Temperature cycling 
Moisture resistance 

Seal 

(hermetic packages only) (l) 

a) fine. 

b) gross 

Visual examination 
End-point electrical paramet. 


1011 
1010 
1004 

1014 


Test condition B, 15 cycles (-55°C to +125°C . 
Test condition C, 100 cycles (-65°C to -h150°C) 
10 cycles of 24h; T = 25°C to 65°C, RH= 90% five 
3h cycles at -10°C 

Test condition A1 or lEC 68-2-17 method, test Qk 

Test condition C or lEC 68-2-17 method, test Qc 

(Method 2, mineral oil at T = 125°C) 

Per visual criteria of method 1004 and 1010. 

Key parameters (Table V) 


15 


2 


Subgroup 4 

(hermetic packages only) 
Mechanical shock 

Vibration, variable frequency 

Constant acceleration (3) 

Seal (1) 

a) fine 

b) gross 

Visual examination 
End-point electrical paramet. 


2002 
2007 

2001 
1014 


Test condition B; 1500 G - 0.5 ms - 5 blows in each 
of the 6 orientations - non operating. 

Test condition A; 20 G - 3 orientations - F = 20 to 
2000 cps; four 4 minutes cycles, 48 minutes total - 
non operating. 
Test condition E (30000 G), Y1 orientation only. 

Test condition A1 or lEC 68-2-17 method, test Qk 

Test condition C or lEC 68-2-17 method, test Qc 

(Method 2; mineral oil at T = 125°C) 

Per visual criteria of method 1010 or 1010. 

Key parameters (Table V) 


15 


2 


Subgroup 5 

Salt atmosphere 

Seal 

(hermetic packages only) (l) 

a) fine 

b) gross 

Visual examination 


1009 
1014 


Test condition A; 10 to 50 gr of NaCI per square 
meter per day for 23 hrs at Ta= 35°C. 

Test condition A1 or lEC 68-2-17 method, test Qk 
Test condition C or lEC 68-2-17 method, test Qc 
(Method 2; mineral oil at T = 125°C) 

Per visual criteria of method 1009. 


15 


2 


Subgroup 6 

(molded packages only) 
Humidity test 

End-point electrical 
parameters 




85°C/85% RH with bias, t= 1000 hrs. For linear 
ICs with or without bias according to device speci- 
fication. 

Key parameters (Table V); measurements at 0, 198, 
500 and 1000 hrs. 


15 


2 
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TABLE IV (continued) 



■:':/\';''0m:^^^^^ 


;:\;,:;;^;v,,.'v;';. ■ ■,;,;Mii;sTD 


]■■-'' :^ij^,:'y'''\ 


Max. 
Ace. 


lyiethpd 


;Coiidition5 ; ; . '.^ 


Subgroup 7 

(hermetic packages only) 
Internal water-vapor content 


1018 


Dew point method-procedure 3 (5000 ppm max) 


3 devices 

failure or 
5 devices 

1 failure (4) 


Subgroup 8 

Adhesion of lead finish 


2025 




15 


2 



(1) Metal can packages: according to I EC 68-2-17 tests Q^ and Q^. 
Ceramic packages : according to MIL-STD-883B method 1014. 

(2) Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package body (I.E. 
wherever frit seal establishes hermeticity or package integrity). 

(3) 20000 G for packages with cavity perimeter of 2 inches or more and/or with a mass of 5 grams or more. 

(4) Test three devices; if one fails, test two additional devices with no failure. At the manufacturer's option, if the initial 
test sample (I.E. 3 or 5 devices) fails a second complete sample may be tested at an alternative laboratory that has 
been issued suitability by the qualifying activity. If this sample passes the lot shall be accepted provided the devices 
and data from both submissions is submitted to the qualifying activity along with five additional devices from the 
same lot. 

(♦) For MIL class B/C and ESA/SCCG products see relevant SGS-ATES documents. 

Post test end point 

When conducting reliability tests, the definition of the failure, i.e. the determination whether a semicon- 
ductor device is good or bad by means of a precisely established failure criteria is required. 
Thus care must be taken establishing failure criteria items, since results of failure assessment will depend 
on such criteria. 

During the internal qualification phase, at the various steps of each life and environmental tests, an 
electrical characterization with electrical parameters recording and A calculation on all the samples 
Involved Is performed. 

On the other hand, on the running products the electrical measurements at the end of the reliability tests 
are performed according to the data sheets and parameters recording on all failed devices is required. 
Table V gives a list of basic failure criteria 

TABLE V 



i'SlilJiiiillif^^ 


lilsii:SI!ilStttiiii^5^^ 


siiiiilli^ 


Ill^^ll^llll 


Voltage Regulator 

Reference voltage 
Quiescent current drain 
Load regulation 

Operational Amplifier 

input offset voltage 
Voltage gain (closed loop) 

Audio Amplifier 

Quiescent output voltage 
Output power (d = 10%) 
Input resistance 
Quiescent current drain 

Other Linear I.C. 


V,ef 
Id 

IVI 
Gv 


± 10% spec, limit 
± 20% spec, limit 
± 20% spec, limit 

+ 20% spec, limit 
± 20% spec, limit 

± 10% spec, limit 

- 10% spec, limit 

- 20% spec, limit 

+ 25% spec, limit or 

+ 100% initial value whichever is greater 

All other end points parameters shall be referred 
to our internal programs. 
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Sample size code letters (group A tests) 



iiilS 


iin^^^^jiu 


ISiliSil 


Special inspection levels 


liiSilils 


liiiiiiiM^WiSiiiiii 


iiiiiii 


ilHIBIi 


li^ili 


■■■I 


mmsmmmi^ 
BBrnmrnm 


Bli^ii iHHIII^ 




2 to 8 


A 


A 


A 


A 


A 


A 


B 




9 to 15 


A 


A 


A 


A 


A 


B 


C 




16 to 25 


A 


A 


B 


B 


B 


C 


D 




26 to 50 


A 


B 


B 


C 


C 


D 


E 




51 to 90 


B 


B 


C 


C 


C 


E 


F 




91 to 150 


B 


B 


C 


D 


D 


F 


G 




151 to 280 


B 


C 


D 


E 


E 


G 


H 




281 to 500 


B 


C 


D 


E 


F 


H 


J 




501 to 1200 


C 


C 


E 


F 


G 


J 


K 




1201 to 3200 


C 


D 


E 


G 


H 


K 


L 




3201 to 10000 


C 


D 


F 


G 


J 


L 


M 




10001 to 35000 


C 


D 


F 


H 


K 


M 


N 




35001 to 150000 


D 


E 


G 


J 


L 


N 


P 




150001 to 500000 


D 


E 


G 


J 


M 


P 


Q 




500001 and over 


D 


E 


H 


K 


N 


Q 


R 



Single sampling plans for normal inspection (group A tests) 



Acceptable Quality Levels (normal inspection) 



100 160 250 400 650 1000 



Ac Re Ac Re Ae Re An Ro Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re 



fl 



Ji 



H 



o 



14 15 
21 22 
30 31 



30 31 
44 45 



O 



O 



1011 
14 15 
21 22 



14 15 
21 22 



21 22 30 31 
30 31 44 45 



O 



JJ- 



10 11 
14 15 
21 22 



14 15 
21 22 



-u- 



■0- 



tr 



o 



12 



Double and multiple sampling plan inspection may be used. 
-<,^ = Use first sampling plan below arrow. If sample size equals, 
"{jj^ = Use first sampling plan above arrow. 
Ac = Acceptance number. 
Ro = Rejection number. 



r exceeds, lot or batch size, do 100 percent inspection. 
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Sampling plan for "LTPD" Method (group B and C tests) 

(as presented in MIL-S-19500E. Ml L-STD-883, NEPR 61, and similar specifications). 

Poisson sampling plans for lot sizes greater than 200. 

Minimum size of sample to be tested to assure, with 90 percent confidence, a lot tolerance 

percent defective or \ no greater than the LTPD specified. 



Max . Percent 
Defective 
(LTPD) or X 


50 


30 


20 


15 


10 


7 


5 


3 


2 


1.5 


1 


0.7 


0.5 


0.3 


0.2 


1 

0.15 


0.1 


Acceptance 

Nunnber (a) Minimum Sample Sizes 

(r = a + 1) 





5 
(1.03) 


8 
(0.64) 


11 
(0.46) 


15 
(0.34) 


22 

(0.23) 


32 

(0.16) 


45 
(0.11) 


76 
(0.07) 


116 
(0.04) 


153 
(0.03) 


231 

(0.02) 


328 

(0.02) 


461 
(0.01) 


767 
(0.007) 


1152 
(0.005) 


1534 
(0.003) 


2303 
(0.002) 


1 


8 

(4.4) 


13 
(2.7) 


18 
(2.0) 


25 
(1.4) 


38 
(0.94) 


55 
(0.65) 


77 
(0.46) 


129 
(0.28) 


195 
(0.18) 


258 

(0.14) 


390 
(0.09) 


555 
(0.06) 


778 

(0.045) 


1296 
(0.027) 


1946 
(0.018) 


2592 
(0.013) 


3891 
(0.009) 


2 


11 

(7.4) 


18 

(4.5) 


25 

(3.4) 


34 

(2.24) 


52 

(1.6) 


75 

(1.1) 


105 
(0.78) 


176 
(0.47) 


266 

(0.31) 


354 

(0.23) 


533 

(0.15) 


759 
(0.11) 


1065 
(0.080) 


1773 
(0.045) 


2662 

(0.031) 


3547 
(0.022) 


5323 
(0.015) 


3 


13 
(10.5) 


22 

(6.2) 


32 

(4.4) 


43 
(3.2) 


65 

(2.1) 


94 
(1.5) 


132 

(1.0) 


221 
(0.62) 


333 

(0.41) 


444 
(0.31) 


668 

(0.20) 


953 

(0.14) 


1337 
(0.10) 


2226 
(0.062) 


3341 
(0.041) 


4452 
(0.031) 


6681 
(0.018) 


4 


16 
(12.3) 


27 
(7.3) 


38 

(5.3) 


52 

(3.9) 


78 

(2.6) 


113 
(1.8) 


158 
(1.3) 


265 

(0.75) 


398 

(0.50) 


531 
(0.37) 


798 

(0.25) 


1140 
(0.17) 


1599 
(0.12) 


2663 

(0.074) 


3997 
(0.049) 


5327 
(0.037) 


7994 
(0.025) 


5 


19 
(13.8) 


31 
(8.4) 


45 
(6.0) 


60 

(4.4) 


91 
(2.9) 


131 
(2.0) 


184 

(1.4) 


308 

(0.85) 


462 

(0.57) 


617 
(0.42) 


927 

(0.28) 


1323 
(0.20) 


1855 
(0.14) 


3090 
(0.085) 


4638 
(0.056) 


6181 
(0.042) 


9275 
(0.028) 


6 


21 

(15.6) 


35 

(9.4) 


51 
(6.6) 


68 

(4.9) 


104 
(3.2) 


149 
(2.2) 


209 

(1.6) 


349 

(0.94) 


528 
(0.62) 


700 
(0.47) 


1054 
(0.31) 


1503 
(0.22) 


2107 
(0.155) 


3509 
(0.093) 


5267 
(0.062) 


7019 
(0.047) 


10533 
(0.031) 


7 


24 
(16.6) 


39 

(10.2) 


57 

(7.2) 


77 
(5.3) 


116 
(3.5) 


166 

(2.4) 


234 

(1.7) 


390 

(1.0) 


589 

(0.67) 


783 

(0.51) 


1178 
(0.34) 


1680 
(0.24) 


2355 

(0.17) 


3922 

(0.101) 


5886 
(0.067) 


7845 
(0.051) 


11771 
(0.034) 


8 


26 

(18.1) 


43 
(10.9) 


63 

(7.7) 


85 
(5.6) 


128 
(3.7) 


184 
(2.6) 


258 

(1.8) 


431 
(1.1) 


648 

(0.72) 


864 

(0.54) 


1300 
(0.36) 


1854 
(0.25) 


2599 
(0.18) 


4329 
(0.108) 


6498 
(0.072) 


8660 
(0.054) 


12995 
(0.036) 


9 


28 

(19.4) 


47 
(11.5) 


69 

(8.1) 


93 

(6.0) 


140 
(3.9) 


201 
(2.7) 


282 

(1.9) 


471 
(1.2) 


709 
(0.77) 


945 
(0.58) 


1421 
(0.38) 


2027 
(0.27) 


2842 
(0.19) 


4733 
(0.114) 


7103 
(0.077) 


9468 
(0.057) 


14206 
(0.038) 


10 


31 
(19.9) 


51 
(12.1) 


75 
(8.4) 


100 
(6.3) 


152 
(4.1) 


218 
(2.9) 


306 

(2.0) 


511 
(1.2) 


770 
(0.80) 


1025 
(0.60) 


1541 
(0.40) 


2199 
(0.28) 


3082 
(0.20) 


5133 
(0.120) 


7704 
(0.080) 


10268 
(0.060) 


15407 
(0.040) 


11 


33 

(21.0) 


54 
(12.8) 


83 

(8.3) 


111 
(6.2) 


166 

(4.2) 


238 

(2.9) 


332 

(2.1) 


555 

(1.2) 


832 
(0.83) 


1109 
(0.62) 


1664 
(0.42) 


2378 

(0.29) 


3323 

(0.21) 


5546 
(0.12) 


8319 

(0.083) 


11092 
(0.062) 


16638 
(0.042) 


12 


36 

(21.4) 


59 

(13.0) 


89 
(8.6) 


119 
(6.5) 


178 
(4.3) 


254 

(3.0) 


356 

(2.2) 


594 
(1.3) 


890 
(0.86) 


1187 
(0.65) 


1781 
(0.43) 


2544 
(0.3) 


3562 
(0.22) 


5936 
(0.13) 


8904 
(0.086) 


11872 
(0.065) 


17808 
(0.043) 


13 


38 

(22.3) 


63 

(13.4) 


95 
(8.9) 


126 
(6.7) 


190 
(4.5) 


271 

(3.1) 


379 
(2.26) 


632 

(1.3) 


948 
(0.89) 


1264 
(0.67) 


1896 
(0.44) 


2709 
(0.31) 


3793 
(0.22) 


6321 
(0.134) 


9482 
(0.089) 


12643 
(0.067) 


18964 
(0.045) 


14 


40 

(23.1) 


67 
(13.8) 


101 
(9.2) 


134 
(6.9) 


201 
(4.6) 


288 
(3.2) 


403 
(2.3) 


672 

(1.4) 


1007 
(0.92) 


1343 
(0.69) 


2015 
(0.46) 


2878 
(0.32) 


4029 
(0.23) 


6716 
(0.138) 


10073 
(0.092) 


13431 
(0.069) 


20146 
(0.046) 


15 


43 
(23.3) 


71 
(14.1) 


107 
(9.4) 


142 

(7.1) 


213 
(4.7) 


305 
(3.3) 


426 
(2.36) 


711 
(1.41) 


1066 
(0.94) 


1422 
(0.71) 


2133 
(0.47) 


3046 
(0.33) 


4265 
(0.235) 


7108 
(0.141) 


10662 
(0.094) 


14216 
(0.070) 


21324 
(0.047) 


16 


45 

(24,1) 


74 
(14.6) 


112 
(9.7) 


150 

(7.2) 


225 

(4.8) 


321 

(3.37) 


450 

(2.41) 


750 
(1.44) 


1124 
(0.96) 


1499 
(0.72) 


2249 
(0.48) 


3212 
(0.337) 


4497 
(0.241) 


7496 
(0.144) 


11244 
(0.096) 


14992 
(0.072) 


22487 
(0.048) 


17 


47 

(24.7) 


79 

(14.7) 


118 
(9.86) 


158 

(7.36) 


236 

(4.93) 


338 

(3.44) 


473 
(2.46) 


788 
(1.48) 


1182 
(0.98) 


1576 
(0.74) 


2364 

(0.49) 


3377 
(0.334) 


4728 
(0.246) 


7880 
(0.148) 


11819 
(0.098) 


15759 
(0.074) 


23639 

(0.049) 


18 


50 
(24.9) 


83 
(15.0) 


124 
(10.0) 


165 
(7.54) 


248 
(5.02) 


354 
(3.51) 


496 

(2.51) 


826 

(1.51) 


1239 
(1.0) 


1652 
(0.75) 


2478 
(0.50) 


3540 
(0.351) 


4956 
(0.251) 


8260 
(0.151) 


12390 
(0.100) 


16520 
(0.075) 


24780 
(0.050) 


19 


52 

(25.5) 


86 

(15.4) 


130 
(10.2) 


173 
(7.76) 


259 
(5.12) 


370 
(3.58) 


518 
(2.56) 


864 

(1.53) 


1296 

(1.02) 


1728 
(0.77) 


2591 
(0.52) 


3702 
(0.358) 


5183 
(0.256) 


8638 
(0.153) 


12957 
(0.102) 


17276 
(0.077) 


25914 
(0.051) 


20 


54 

(26.1) 


90 

(15.6) 


135 

(10.4) 


180 
(7.82) 


271 

(5.19) 


386 

(3.65) 


541 
(2.60) 


902 

(1.56) 


1353 
(1.04) 


1803 
(0.78) 


2705 

(0.52) 


3864 
(0.364) 


5410 
(0.260) 


9017 
(0.156) 


13526 
(0.104) 


18034 
(0.078) 


27051 
(0.052) 


25 


65 

(27.0) 


109 

(16.1) 


163 
(10.8) 


217 
(8.08) 


326 

(5.38) 


466 
(3.76) 


652 
(2.69) 


1086 

(1.61) 


1629 
(1.08) 


2173 
(0.807) 


3259 
(0.538) 


4656 
(0.376) 


6518 
(0.269) 


10863 
(0.161) 


16295 
(0.108) 


21726 
(0.081) 


32589 

(0.054) 



Notes: 
The life test 
The minimu 



failure rate lambda X shall be defined as the LTPD per 1000 hours. 

m quality (approximate AQL) required to accept (on the average) 19 of 20 iots is shown in parenthesis for information only. 
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Conversion between LTPD and AOL Systems 

The following table gives a practical method for conversion between the two systems. This conversion is 

applicable for lot sizes used in practice. 

The table has been recommended by the I EC. 



AQL 


0.10 


0.15 


0.25 


0.40 


0.65 


1.0 


1.5 


2.5 


4.0 


6.5 


LTPD 


0.7 


1.0 


2.0 


3 


5 


7 


10 


20 


30 


50 



AQL and LTPD definitions 

The availability of suitable sampling plan in various military specifications has led to a general use of 
AQL and LTPD plans. 

The assumptions of a certain sample size (n) and of an acceptance number (c) together with the use of 
typical distributions (Binomial and Poisson) generate an Operating Characteristic Curve (OC) as shown 
in fig. 10. 



Fig. 10 - Probability of lot acceptance vs. percent defective 




A = 5% Producer's risk 
B = 10% Customer's risk 



7 10 pC/.) 



The AQL (Acceptable Quality level) is the percentage of defects defined at about 95% probability of lot 

acceptance, while the LTPD (Lot tolerance percent defective) is the percentage of defects defined at the 

10% probability of acceptance. 

In other words a sampling plan with 1% AQL passes (accepts) lots will 1% defective about 95% of the 

time and when a sampling plan with 5% LTPD is used a lot which is trully 5% defective is rejected 90% 

of the time. 

The AQL points defines the Producer's Risk of rejecting a good lot (~ 5%) while the LTPD point defines 

the Consumer's Risk of accepting a bad lot (10%). 
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DATA SHEETS 
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L128A 



LINEAR INTEGRATED CIRCUIT 



TRIAC/SCR PHASE CONTROL 

The L 120A is a monolithic integrated circuit in 16~iead dual in-line plastic package. !t incorporates the 
following functions: 

— AC supply 50/60 Hz 

— Zero-voltage and zero-current detector 

— Ramp generator 

— Inhibition of casual firing pulses 

— Stabilization of the internal positive DC supply 

— High gain operational amplifier 

— Output short-circuit protection 

The L 120A is intended for use as a phase controller in industrial and consumer applications. 
ABSOLUTE IVIAXfMUM RATINGS 



I9 


AC peak supply current 


60 


mA 


Il4 


Max input current (pin 14) 


20 


mA 


'd1. Id2 


Input diodes peak current 


1 


A 


V8-12 


Positive clamp voltage 


15 


V 


V 10-12 


Negative clamp voltage 


15 


V 


Vl-2 


Differential input voltage 


± 7 


V 


V3-5 


Differential input voltage 


± 8 


V 


Ptot 


Total power dissipation at Tamb"^ 85°C 


800 


mW 


TstB 


Storage temperature 


-55 to 150 


°C 


'op 


Operating junction temperature 


-25 to 150 


°c 



ORDERING NUMBER: L 120AB 



MECHANICAL DATA 



Dimensions in mm 




6/82 
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ilift 






CONNECTION DIAGRAM (top view) 



RAMP VOLTAGE 
AMPLIFIER OUTPUT 
NON INV. AMPLIF INPUT [ 
DC REFERENCE VOLTAGE [ 
INV AMPLIFIER INPUT 
STABILIZED DC SUPPLY [ 
GATE PULSE OUTPUT 
POSITIVE RECTIFIER SUPPLY[ 




6 ] CURRENT GENERATOR 

5 ] OUTPUT LOGIC CIRCUIT 

ZERO CURRENT DETEC. 

GND 

GND 

CHOPPER 

] NEG. RECTIFIER SUPPLY 

AC SUPPLY 



BLOCK DIAGRAM 



© ^ © 




irr 



1 



...lTT® ® j^- 
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L120A 



© © 



< 

< 



o 



X 

o 

CO 
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TEST CIRCUIT 



0.01 /uF 



2 2quF 



Rs=6.8kfi/7W 



16 15 14 13 12 11 10 9 

L 120A 

_2 3 A 5 6 7 8 



T 



0.1/jF 



(*) Rq> i5on 



I 



10 ho 

kOT VkQ 



T 



220/uF 
15V 



'^ 220V 



3, 



HIZ> 



THERMAL DATA 



Rth j-namb Thermal resistance junction-ambient 



max 80 °C/W 



ELECTRICAL CHARACTERISTICS {'Tamb= 25°C, refer to the test circuit unless otherwise 
specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg-ia Positive clamp voltage 




10 


11.5 


13 


V 


V 10-12 Negative clamp voltage 




10 


11.5 


13 


V 


^8-12 External DC supply 
voltage 




10.5 






V 


^10-12 External DC supply 
voltage 




-10.5 






V 


^9-12 Sync Input threshold 






± 12.5 




V 


V 14-12 Zero current threshold 




±8.8 


± 10 


± 11.2 


V 
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L120A 



ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


V 10-14 Zero current threshold 
V8-14 




1.2 






V 


|.j^4 Operative input current 

to avoid inibition (pin 14) 




0.4 






mA 


Vi_i2 Ramp discharge level 








1.1 


V 


^1-12 Maximum ramp level 




7.2 






V 


V2_2 Comparat. differential trigger level 






70 


100 


mV 


G^ Amplifier voltage gain 
(open loop) 


V2 (peak to peak) = 6V 


60 


70 




dB 


^2-13 ^^^ output voltage 




7 






V 


^2-13 M in output voltage 








0.9 


V 


^3-13' Input offset voltage 
V5-13 


R3-13=R5-13=5012 




3 


6 


mV 


l|-j Input bias current (pin 3, 5) 






0.1 


1 


mA 


V3_5 Differential input voltage 








± 7 


V 


^3-13' Input voltage range 
V5-13 




0.5 




7.5 


V 


CMR Common mode rejection 


R3-13=R5-13<'«kn 




60 




dB 


^6-13 Regulator output voltage 




8.3 




9.5 


V 


'e Max regulator output current 




3 






mA 


^ Load regulation 

6 


l6=0to 3 mA 




0.5 


2 


% 


6 Line regulation 


V8 = 12to14V l6 = 
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dB 


AVg 


SVR Supply voltage rejection 


V8 = 12V frippie=50Hz 
Vrippie (peaktopeak)=4V 
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dB 


V4 Reference voltage 


l4 = 10iuA 




1.5 




V 


V7-12 Firing pulse amplitude 


R7_22= 1 kn 


positive 


4.5 


5.5 




V 


negative 


8 


9.5 




V 


I7 Maximum output current 


R7_12= ion 


80 






mA 


tpw Output pulse width 


R-T -, n— RDO 




200 




MS 


t^ Output pulse rise time 








200 




ns 
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um 



Fig. 1 - Peak supply current 
vs. dropping resistor Rs 
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Fig. 2 - iVIaxinnunn allowable 
average supply current vs. 
ambient temperature 
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Fig. 3 - Gate pulse ampli- 
tude vs. gate resistance 
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A -.POSITIVE GATE PULS 
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Fig. 4 - Gate current vari- 
ation vs. ambient tem- 
perature 



Fig. 5 - Gate pulse width 

vs. Cii_i5 
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Fig. 6 - Alternative system for reduction of power dissipation 
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APPLICATION INFORMATION 

Fig. 7 - Application circuit for AC motor speed regulators 




Fig. 8 - 3 to 30V adjustable power supply with preregulation 



Al OSi 1 0^/ BC177 



220V 
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RFI 
FILTER 
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NOTE - For a more detailed description of the L 120A and its applications refer to SGS- 
DESIGN NOTE - DN 382. 
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LINEAR INTEGRATED CIRCUIT 



L121A 



TRIAC/SCR BURST CONTROL 

The L 121 A is a monolithic integrated circuit in 16-lead dual in-line plastic package. It incorporates the 
following functions: 

— AC supply 50/60 Hz 

— Zero-voltage detector 

— Ramp generator 

— Inhibition of casual firing pulses 

— Stabilization of the internal positive DC supply 

— High gain operational amplifier 

— Output short-circuit protection 

The L 121 A is intended for use as a burst controller in Industrial and consumer applications. 



ABSOLUTE MAXIMUM RATINGS 



I9 


AC Peak supply current 


60 


mA 


'd1/ 'd2 


Input diodes peak current 


1 


A 


Vl4 


Maximum voltage (pin 14) 


20 


V 


V8-12 


Positive clamp voltage 


15 


V 


Vlo-12 


Negative clamp voltage 


15 


V 


Vl-2 


Differential input voltage 


± 7 


V 


V3-5 


Differential input voltage 


± 8 


V 


Ptot 


Total power dissipation at Tgmb ~ 85°C 


800 


mW 


Tstg 


Storage temperature 


-55 to 150 


°C 


Top 


Operating junction temperature 


-25 to 150 


°C 



ORDERING NUMBER: L 121AB 
MECHANICAL DATA 



Dimensions in mm 




a:a.'d„o ,n.nn,n, 



ji^ 



d ad u u u u u 



41 



6/82 



L121A 



CONNECTION DIAGRAM (top view) 



RAMP VOLTAGE 
AMPLIFIER OUTPUT 
NON INV AMPLIF INPUT [ 
DC REFERENCE VOLTAGE [ 
INV AMPLIFIER INPUT 
STABILIZED DC SUPPLY [| 6 
GATE PULSE OUTPUT 
POSITIVE RECTIFIER 5UPPLY[ 




] CURRENT GENERATOR 
] OUTPUT LOGIC CIRCUIT 

ZERO LOW VOLTAGE 
DETECTOR 

GND 

GND 

CHOPPER 

] NEG. RECTIFIER SUPPLY 

AC SUPPLY 



BLOCK DIAGRAM 
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L121A 



TEST CIRCUIT 



O 

^xy220V 

t— o 



lOOkC 



0.01 ajf 



220AJF Rs = 6.8kO/7W 



15V 



16 15 14 13 12 11 10 9 

L 121A 

12 3 4 5 6 7 8 



lOjjFc 

lov ■ 

CI 



(*) Rp,>150il 



10M MIO 
kOT TkQ 



rO 



220;uF 
15V 



{*)' 



Rg 



n^. 



3 



THERMAL DATA 



Rth Hmb Thermal resistance junction-ambient 



max 80 °C/W 



ELECTRICAL CHARACTERISTICS (Tarnb= 25°C, refer to the test circuit unless otherwise 
specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


^8-12 Positive clamp voltage 




10 


11.5 


13 


V 


V 10-12 Negative clamp voltage 




10 


11.5 


13 


V 


^8-12 External DC supply voltage 




10.5 






V 


Vio-12 External DC supply voltage 




-10.5 






V 


V9-12 Sync input threshold 






± 12.5 




V 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


^14-12 Minimum input voltage 


(pin 9 open) 


±2.5 






V 


Vi-12 Ramp discharge level 








1.2 


V 


^1-12 Maximum ramp level 




5.2 






V 


V^ 2 Comparator differential trigger 
level 






70 


100 


mV 


Gy, Amplifier voltage gain 
(open loop) 


V2 (peak to peak) = 6V 


60 


70 




dB 


^2-13 Max output voltage 




7 






V 


^2-13 M in output voltage 








0.9 


V 


^3-13' Input offset voltage 
V5-13 


^3-13= ^5-13= 5012 




3 


6 


mV 


lb Input bias current 






0.1 


1 


mA 


V3_5 Differential input voltage 








± 7 


V 


^3-13' Input voltage range 
V5-13 




0.5 




7.5 


V 


CMR Common mode rejection 


'^3-13'" R5-13 ^ ""^^ 




60 




dB 


^6-13 Regulator output voltage 




8.3 




9.5 


V 


'e Max regulator output current 




3 






mA 


6 Load regulation 


I5 = to 3 mA 




0.5 


2 


% 


6 Line reguJatinn 
AVg 


V8 = 12to14V Ig-O 
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dB 


SVR Supply voltage rejection 


V8 = 12V frippie=50Hz 
Vripple (peak to peak)- 4V 
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dB 


V4 Reference voltage 


l4=10-MA 




1.5 




V 


V7-12 Firing pulse amplitude 


R7_12= 1 kn 


positive 


4.5 


5.5 




V 


negative 


8 


9.5 




V 


I7 Maximum output current 


R7_12= 1012 


80 






mA 


-)vv Output pulse width 


R-T ■^ 0- fson 




200 




MS 


Output pulse rise time 








200 




ns 
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L121A 



Fig. 1 - Peak supply current 
vs. dropping resistor Rs 
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Fig. 2 - Maximum allowable 
average supply current vs. 
ambient temperature 
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Fig. 3- Gate pulse amplitude 
vs. gate resistance 
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Fig. 4 - Gate current vari- 
ation vs. ambient tempe- 
rature 
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Fig. 5 - Gate pulse width 

vs. Cii.15 
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Fig. 6 - Ramp width vs. ex- 
ternal time constant Rie'Cj 
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Fig. 7 ~ Alternative system for reduction of power dissipation 
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APPLICATION INFORMATION 

Fig. 8 - Application circuit for temperature control (proportional type) 



L121A 




S.3523|2 



Fig. 9 - Application circuit for temperature control (ON-OFF type) 
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Fig. 10 - Application circuit for low AC supply voltage (by using pin 14) 



«i 
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L 121A 
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' r\J 220-2*0V 
50-60 Hz 



Fig. 1 1 - Cinnate control for car. 



1 2011 
\ I f — OVs=l2V 




fMJ Motor fan 



CZD— ^g[BDW93 



* Protection against overvoltages. 
Pj : system hysteresis setting 
P2 : temperature setting 



NOTE - For a more detailed description of ttie L 120A and its applications refer to SGS- 
DESIGN NOTE - DN 382. 
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L123 



WLINEAR INTEGRATED CIRCUIT 



HIGH PRECISION VOLTAGE REGULATOR 

• INPUT VOLTAGE UP TO 40V 

• OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 37V 

• POSITIVE OR NEGATIVE SUPPLY OPERATION 

• SERIES, SHUNT, SWITCHING OR FLOATING OPERATION 

• OUTPUT CURRENT TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR 

• ADJUSTABLE CURRENT LIMITING 



The L123 is a monolithic integrated programmable voltage regulator, assembled in 14-leaddual in-line 
plastic package and 10-lead Metal Can {TO-100 type). The circuit provides internal current limiting. 
When the output current excedes 150 mA an external NPN or PNP pass element may be used. Provisions 
are made for adjustable current limiting and remote shut-down. 



ABSOLUTE MAXIMUM RATINGS 


L123 




L123C 


V, 


Input voltage 


40 V 




40 V 


AVi.o 


Dropout voltage 


40 V 




40 V 


lo 


Output current 


150mA 




150mA 


Iref 


Current from Vref 


15 mA 




25 mA 


Ptot 


Power dissipation (at Tamb= 70°C) Plastic DIP 


- 




1 W 




TO-100 


520 mW 




520 mW 


Top 


Operating junction temperature 


-25 to 150' 


C 


0to70°C 


Tstg 


Storage temperature 


-65 to 150' 


C 


-65 to 150 °C 



MECHANICAL DATA 



Dimensions in mm 







^i^M^K 
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L123 



CONNECTION DIAGRAM AND ORDERING NUMBERS 

(top views) 





CURRENT 
LIMIT 




CURRENT 
SENSE jC 


r^ 


.^ FREQUENCY 
XlXOMPENSATION 


INVERTING^, 
INPUT Y^ 




86-Vs 


NON- I 
INVERTING Q3 
INPUT A 




r 


Vref^ 


"^h- 


to< 


PINS 
connected to 


„«°. - 


•""• 



CURRENTf , 
SENSE I " 



INPUT 

NON 
INVEI 
INPUT 



NON- r 
INVERT. [ 

[ 

[ 



Type 


TO-100 


Plastic DSP 


L123 


L123T 


- 


L123C 


L123CT 


L123CB 



BLOCK DIAGRAM 



TEST CIRCUIT 

(Pin configuration relative to the Plastic package) 



FREQUENCY 
COMPENS Vc 
O 





lo = 1 mA 
R1//R2 < 10 Kn 



THERMAL DATA 



TO-100 



Plastic DIP 



^th j-amb Thermal resistance j unction -ambient 



155°C/W 



80°C/W 



50 



iM 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb= 25°C unless otherwise 
specified) 



Parameter 


Test conditions 


L123C 


L123 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


^^o Line regulation 


Vi = 12to 15V 
Vj = 12 to 40V 




0.01 
0.1 


0.1 
0.5 




0.01 
0.02 


0.1 
0.2 


% 
% 

% 


AVj 


Vj = 12to15V; 
' min "^ ' amb "^ Tmax 






0.3 






0.3 


AVo 


Iq = 1 to 50 mA 




0.03 


0.2 




0.03 


0.15 


% 


^o 


Iq = 1 to 10 mA 






0.6 






0.6 


% 


Vref Reference voltage 


l,ef= 160mA 


6.8 


7.15 


7.5 


6.95 


7.15 


7.35 


V 


SVR Ripple rejection 


f = 100 Hz to 10 KHz 

Cref= 
Cref=5MF 




74 
86 






74 
86 




dB 
dB 


AVo 








150 






150 


ppm 




Isc Short circuit current 
limiting 


Rsc=101^ Vo=0 




65 






65 




mA 


Vj Input voltage range 




9.5 




40 


9.5 




40 


V 


Vq Output voltage range 




2 




37 


2 




37 


V 


Vi-Vo 




3 




38 


3 




38 


V 


Id Quiescent drain 
current 


Vj = 30V 




2.3 


4 




2.3 


5 


mA 


Long term stability 






0.1 






0.1 




% 


1000 
hrs 


eisj Output noise voltage 


BW= 100 Hz to 10 KHz 
Cref= 
C,ef= 5 mF 




20 
2.5 






20 
2.5 




mV 

iuV 


Vz Output zener voltage 
(for plastic package 
only) 


lz= 1 mA 


6.9 




7.7 








V 



Note: Tmin= 0°C (LI 23C); -25°C (L123). 
Tmax=70°C (L123C); 150°C(L123). 
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L123 



Fig. 1 - Maximum output 
current vs. voltage drop 
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Fig. 2 - Current limiting 
characteristics 
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Fig. 3 - Current limiting 
characteristics vs. junction 
temperature 
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Fig. 4 - Load regulation 
characteristics without cur- 
rent limiting 
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Fig, 5 - Load regulation 
characteristics with current 
limiting 
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Fig. 6 - Load regulation 
characteristics with current 
limiting 
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Fig. 7 - Line regulation vs. 
voltage drop 



Fig. 8 - Load regulation vs. 
voltage drop 



Fig. 9 - Quiescent drain cur- 
rent vs. input voltage 

















G-43 


7 




















G-4:i 


16/1 


















G-«3 


S/ 1 




















0.1 


-0.1 
-0.2 
-0.3 




















(mA) 
4 

3 

2 


































Rsc=0 
Io=lmA 


















Vo=5V 




















































fsc=0 
Io=lmAto 


50 mA 








































































































-^ 


-— . 


-.^ 
























^ \ 


am£ 


IIS- 


faml 


-•)<'(: 






V 











^ 
















^^ 














/> 


"^ 


:> 


--r 




0^ 








































V. 


•<. 








^ 


X 
























1 


































/ 

































































































_ 










u 






u 

























5 15 25 35 V|.oCV) 



5 15 25 35 Vi.o(V) 



10 20 30 40 Vj (V) 



52 






Fig. 10 - Line transient Fig. 11 - Load transient 

response response 
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Fig. 12 - Output impedance 
vs. frequency 
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Table 1 


- Resistor values {Kn ) for standard output voltages 














Output 
Voltage 


Applicable 
Figures 


Fixed Output 

±5% 


Output Adjustable 

± 10% (°) 


Output 
Voltage 


Applicable 
Figures 


Fixed Output 

± 5% 


Output Adjustable 

± 10% (°) 


Ri 


R2 


Ri 


Pi 


R2 


Ri 


R2 


Ri 


Pi 


R2 


+ 3 


13,16,17 
18,21,23 


4.12 


3.01 


1.8 


0.5 


1.2 


+100 


19 


3.57 


102 


2.2 


10 


91 


+ 5 


13,16,17 
18,21,23 


2.15 


4.99 


0.75 


0.5 


2.2 


+250 


19 


3.57 


255 


2.2 


10 


240 


+ 6 


13,16,17 
18,21,23 


1.15 


6.04 


0.5 


0.5 


2.7 


-6(°°) 


15 


3.57 


2.43 


1.2 


0.5 


0.75 


+ 9 


14,16,17 
18,21,23 


1.87 


7.15 


0.75 


1 


2.7 


- 9 


15 


3.48 


5.36 


1.2 


0.5 


2 


+12 


14,16,17 
18,21,23 


4.87 


7.15 


2 


1 


3 


- 12 


15 


3.57 


8.45 


1.2 


0.5 


3.3 


+15 


14,16,17 
18,21,23 


7.87 


7.15 


3.3 


1 


3 


- 15 


15 


3.65 


11.5 


1.2 


0.5 


4.3 


+28 


14,16,17 
18,21,23 


21 


7.15 


5.6 


1 


2 


- 28 


15 


3.57 


24.3 


1.2 


0.5 


10 


+45 


19 


3.57 


48.7 


2.2 


10 


39 


- 45 


20 


3.57 


41.2 


2.2 


10 


33 


+75 


19 


3.57 


78.7 


2.2 


10 


68 


-100 


20 


3.57 


97.6 


2.2 


10 


91 
















-250 


20 


3.57 


249 


2.2 


10 


240 



Note: (°) Replace R1/R2 divider with the circuit of fig. 24. 
(00) v+ must be connected to a +3V or greater supply. 

Table II — Formulae for intermediate output voltages 



Outputs from +2 to +7 volts 
Fig. 13, 17, 18,21,23,16 

R2 



Vo = [Vref X — 



Outputs from +4 to +250 volts 
Fig. 19 

r V^ef „ R2 - Ri 1 _ 



Current Limiting 
VgENSE 



Outputs from +7 to +37 volts 
Fig. 14, 16, 17, 18,21,23 
Ri + R2 , 
Vo= [VrefX ^^^ ] 



Output from -6 to -250 volts 
Fig. 15,20 



Foldback Current Limiting 
r ^O ^3 ^ VSENSE <R3 + R4) 
R^c R4 



'SHORT CKT" 



Rsc R4 "sc "4 

VsENSE w R3 + R4 
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L123 



APPLICATION INFORMATION (Pin numbers relative to the plastic package) 



Fig. 13 - Basic low voltage regulator 
(Vo=2 to7V) 



Fig. 14 - Basic high voltage regulator 
(Vo = 7 to37V) 





M/^-rc DO- R1-R2 for minimum 
iMU I t: no — -zz-z — — _ — , ., 

R1 + R2 temperature drift. 

R3 may be eliminated for minimum com- 
ponent count. 

Typical performance 

Regulated Output Voltage 5V 

Line Regulation (AVj = 3V) ...... .0.5 mV 

Load Regulation (AIq = 50 mA) ... .1.5 mV 



MnxF- R1 • R2 for minimum 

R1 + R2 temperature drift. 

R3 may be eliminated for minimum com- 
ponent count. 

Typical performance 

Regulated Output Voltage 15V 

Line Regulation (AV; = 3V) 1 .5 mV 

Load Regulation (AIq = 50 mA) . . . .4.5 mV 



Fig. 15 - Negative voltage regulator 



Fig. 16 - Positive voltage regulator (External 
NPN Pass Transistor) 
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Typical performance 

Regulated Output Voltage -15V 

Line Regulation (AVj = 3V) 1 mV 

Load Regulation (AIq = 100 mA) . . . .2 mV 



Typical performance 

Regulated Output Voltage +15V 

Line Regulation (AVj = 3V) 1 .5 mV 

Load Regulation (AIq = 1 A) 15 mV 
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APPLICATION INFORMATION (continued) 



L123 



Fig. 17 - Positive voltage regulator (External 
PNP Pass Transistor) 



Fig. 18 - Foldback current limiting 



^'1i ■ , I- 

CrefT ^"^ '-«s CC 




Typical performance 

Regulated Output Voltage +5V 

Line Regulation (AVj = 3V) 0.5 nnV 

Load Regulation (AIq = 1A) 5 nnV 



Typical performance 

Regulated Output Voltage +5V 

Line Regulation (AVj = 3V) 0.5 nfiV 

Load Regulation (AIq = 10 mA) 1 mV 

Current Limit Knee 20 mA 



Fig. 19 - Positive floating regulator 



Fig. 20 - Negative floating regulator 





Typical performance 

Regulated Output Voltage +100V 

Line Regulation (AVj = 20V) 15 mV 

Load Regulation (AIq = 50 mA) .... 20 mV 



Typical performance 

Regulated Output Voltage -100V 

Line Regulation (AVj = 20V) 30 mV 

Load Regulation (AIq = 100 mA) . . . 20 mV 
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APPLICATION INFORMATION (continued) 



Fig. 21 - Positive switching regulator 



Fig. 22 - Remote shutdown regulator with 
current linniting 
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Typical performance 

Regulated Output voltage +5V 

Line Regulation (AVj = 30V) 10 mV 

Load Regulation (AIq = 2A) 80 mV 



Typical performance 

Regulated Output Voltage +5V 

Line Regulation (AVj = 3V) 0.5 mV 

Load Regulation (AIq = 50 mA) ... .1.5 mV 

NOTE: Current limit transistor may be used for 
shutdown if current limiting is not required. 



Fig. 23 - Shunt regulator 



Fig. 24 - Output voltage adjust 




R2 



PI 



O 5-^202 



Typical performance 

Regulated Output Voltage +5V 

Line Regulation (AVj = 10V) ...... .2 mV 

Load Regulation (AIq = 100 mA) . . . .5 mV 
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LINEAR INTEGRATED CIRCUIT 



HIGH PRECISION HIGH VOLTAGE REGULATOR 

• INPUT VOLTAGE UP TO 80V 

• OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 77V 

• POSITIVE OR NEGATIVE SUPPLY OPERATION 

• SERIES. SHUNT, SWITCHING OR FLOATING OPERATION 

• OUTPUT CURRENT UP TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR 

• ADJUSTABLE CURRENT LIMITING 

• THERMAL PROTECTION 

The L146 is a monolithic integrated programmable voltage regulator in 14-lead dual in-line plastic 
package and 10-lead Metal Can (TO-lOO type). It is made with high voltage technology and provides 
internal current limiting and thermal shut down protection; when current exceeds 150 mA an external 
NPN or PNP pass element may be used. Provisions are made for adjustable current limiting and remote 
shut down. The L146 is Intended to widen the application range of L123 up to 80V. 

ABSOLUTE MAXIMUM RATINGS 



v. 


Input voltage 


80 


V 


Vi-Vo 


Voltage drop 


78 


V 


lo 


Output current 


150 


mA 


l,«f 


Current from V^ef 


8 


mA 


Ptot 


Power dissipation (at Tamb= 70°C) Plastic DIP 


1 


W 




TO-100 


520 


mW 


' op 


Operating junction temperature L146 


-25to+ 85 


°C 




L146C 


Oto +70 


°C 


Tstg 


Storage temperature 


-65 to +150 


°C 



MECHANICAL DATA 



Dimensions in mm 




^3^ 



TO-100 













7 c + 0,8 


Wf:Vh::m:man/sim:mmfik 


- 




im 


^ 


n 
,254 


mM 


' 15.24 " 







ao*" 



pnn n nan, 



U ' U U U U U Lf 



DIP 
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L146 



CONNECTION DIAGRAMS 

(top view) 





CURRENT 
LIMIT 




CURRENT 
SENSE L 


1 9 


, FREQUENCY 
iXOMPENSATION 


INVERTING X-. 
INPUT Y^ 




86 'Vs 


NON- I 
INVERTING 03 
INPUT A 




'h 


Vre^ 


=^^>o!c 


A 


PIN 5 


case ^s ^'^^ 


• 



«c [ 




K 


CURRENT r 
LIMIT L 




13 


CURRENTf 
SENSE L 




12 


INVERT 1 
INPUT 1 




n 


NON- r 
INVERT 
INPUT ^ 




10 


v.. [ 




9 


-Vs [ 




8 



Type 


TO-100 


Plastic DIP 


L146 


L146T 




L146C 


L146CT 


L146CB 



BLOCK DfAGRAlVl 



FREQUENCY 
COMPENS. Vc 

Q Q 




6 6 6 6 6 

-Ve NON-INVERT. CURRENT CURRENT Vz 
INPUT LIMIT SENSE 



THERMAL DATA 



TO-100 



Plastic DIP 



Rth j-amb Thermal resistance junction-ambient 



155°C/W 



80°C/W 
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SCHEMATIC DIAGRAM (pin number relative to the plastic package) 



DiiC Q2 j!t-r 




'-< 



^ 




»ONLY IN PLASTIC DIP 



Q„V- 

R12 MRia 




Vref 



NON -INVERT. -Vg INVERT. 
INPUT INPUT 



_2^ CURRENT I 

LIMIT ! 



TEST CIRCUIT 



Cref 




100pF 5-3666/ 1 



Vj = 12V 

Vo= 5V \^= 1 mA 

Ri//R2<10Kf2 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T^^t>= 
specified) 



25°C unless otherwise 



Parameter 




L146C 


L146 


Unit 




Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


AVo 


Line regulation 


Vi = 12to15V 
Vi = 12 to 40V 
Vj = 40 to 80V 




0.05 

0.1 

0.1 


0.15 

0.5 

0.5 




0.05 

0.1 

0.1 


0.15 

0.2 

0.2 


% 


Vo 


AVo 


Load regulation 


Vi = 12V Vo = 5V 
Iq = 1 to 50 mA 




0.03 


0.2 




0.03 


0.15 


% 


Vo 


Vj = 40V Vo = 37V 
lo = 1 to 10 mA 




0.1 


0.5 




0.1 


0.3 


% 


Vj = 80V Vo = 77V 
lo = 1 to 10 mA 




0.12 


0.8 




0.12 


0.5 


% 


Vref 


Reference voltage 


lref=160MA 


7.75 


8.15 


8.55 


7.9 


8.15 


8.4 


V 


AVref 


lref= leOjuA to5 mA 




4 


14 




4 


14 


mV 


SVR 


Ripple rejection 


f = 100 Hz to 10 KHz 
Cref=0 
Cref=5MF 




60 
88 






60 
88 




dB 


AVo 


Output voltage drift 








150 






150 


ppM 


AT 


°C 


'sc 


Short circuit current 
limiting 


Rsc=10n Vo = 


50 


60 


70 


50 


60 


70 


mA 


Vj 


Input voltage range 




10 




80 


10 




80 


V 


Vo 


Output voltage range 




2 




77 


2 




'' 


V 


Vi-Vo 


Voltage drop 




3 




78 


3 




78 


V 


Id- 


Quiescent drain current 


lo = Vo = 5V 

(including lref= 160 juA) 

V|= 12V 

Vj = 40V 

Vj = 80V 




4 

5.6 
6 


5.5 
7 
7.5 




4 

5.6 
6 


5.5 

7 
7.5 


mA 


Aid 


Quiescent drain current 
change 


lo= 1 rnA 
Vo=5V 


Vi = 12to40V 






2.2 






1.6 


mA 


Vi = 12to80V 






2.6 






2 


mA 


Long term stability 






0.1 






0.1 




% 


1000 
hrs 


©N 


Output noise voltage 


BW= 100 Hz to 10 KHz 
Cref= 
Cref= 5 mF 


^ 


300 
30 






300 
30 




mV 


Vz 


Output zener voltage 
(for plastic package only) 


\z~ 1 rnA 


6.9 




7.7 








V 



60 



P4fi 



Fig. 1 - Maximum output 
current vs. voltage drop 
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Fig. 2 - Load regulation vs. 
output current (with cur- 
rent limiting) 
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Fig. 3 - Load regulation vs. 
output current (with current 
limiting) 
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Fig. 4 - Load regulation vs. 
output current (without 
current limiting) 
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Fig. 5 - Current limiting 
characteristics 
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Fig. 6 - Current limiting 
characteristics vs. junction 
temperature 
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Fig. 7 - Line transient 
response 
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Fig. 8 - Load transient 
response 



Fig. 9 - Output impedance 
vs. frequency 
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Table I - Resistor values (K^ ) for standard output voStage 





Positive 
output 
voltage 


Applicable 
figures 


Fixed output 

± 5% 


Ri 


R2 


+6 


10, 13, 14 
18,20 


2.4 


6.8 


+ 12 


11, 13, 14, 
15, 18,20 


3.2 


6.8 


+30 


15 


5.6 


+50 


24 


47 


+70 


30 


39 


+ 100 


16 


2.7 


68 


+250 


4.7 


120 



Negative 
output 
voltage 


Applicable 
figures 


Fixed output 

±5% 


Ri 


R2 


-9 


12 


2.2 


2.7 


-12 


1.5 


3 


-30 


4.7 


30 


-50 


2.7 


30 


-100 


17 


2 


47 


-250 


2 


120 



Table f i — Formulae for intermediate output voltages 



Outputs from +2 to +7 volts 
Fig. 10, 13, 14, 15, 18,20 
R2 
^OUT- [VreF X 



ll - 



Outputs from +4 to +250 volts 
Fig. 16 



■X-i^-^];R3 



Current Limiting 
"^SENSE 



'LIMIT - 



Outputs from +7 to +77 volts 
Fig. 11, 13, 14, 15, 18,20 

Ri + Rp , 



Output from -6 to -250 volts 
Fig. 12, 17 



Foldback Current Limiting 
Vquj R3 VsENSE (^3 "^ ^^4) 



'SHORT CKT"" 
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APPLICATION CIRCUITS (continued) 



Fig. 10 - Basic low voltage regulator 
(VouT=2to7V) 



Fig. 1 1 - Basic high voltage regulator 
(VouT=7to77V) 



M 

-fF 



r 




J_ Ilia 



NOTE: R3 = 



R1'R2 
R1 + R2 



for minimum 
temperature drift. 



R3 may be eliminated for minimum com- 
ponent count. 

Typical performance 

Regulated Output Voltage 5V 

Line Regulation (AVj = 3V) 0.5 mV 

Load Regulation (AIq = 50 mA) . . . .1 .5 mV 



R1 •R2 for minimum 

R1+R2 temperature drift. 

R3 may be eliminated for minimum com- 
ponent count. 

Typical performance 

Regulated Output Voltage 15V 

Line Regulation (AVj = 3V) 1 .5 nnV 

Load Regulation (AIq = 50 mA) . . . .4.5 mV 



Fig. 12 - Negative voltage regulator 



Fig. 13 - Positive voltage regulator (External 
NPN Pass Transistor) 




I REGULATEC 

"*- '■*■ OUTPUT 



-■% 



SOOpF 



Typical performance 

Regulated Output Voltage +15V 

Line Regulation (AVj = 3V) 1.5 mV 

Load Regulation (Alo = 1 A) 15 nnV 



Typical performance 

Regulated Output Voltage 15V 

Line Regulation (AVj = 3V) 1 mV 

Load Regulation (Alo = 100 mA) . . . .2 mV 
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APPLICATION CIRCUITS (continued) 



Fig. 14 - Positive voltage regulator (External 
PNP Pass Transistor) 



Fig. 15 - Foldback current limiting 






Vs[ |Comp. I 



Typical performance 

Regulated Output Voltage +5V 

Line Regulation (AVj = 3V) 0.5 mV 

Load Regulation (AIq = 1A) 5 mV 



Typical performance 

Regulated Output Voltage +5V 

Line Regulation (AVj = 3V) 0.5 mV 

Load Regulation (AIq = 10 mA) 1 mV 

Current Limit Knee 20 mA 



Fig. 16 - Positive floating regulator 



Fig. 17 - Negative floating regulator 





Typical performance 

Regulated Output Voltage +100V 

Line Regulation (AVj = 20V) 15 mV 

Load Regulation (AIq = 50 mA) .... 20 mV 



Typical performance 

Regulated Output Voltage -100V 

Line Regulation (AVj = 20V) 30 mV 

Load Regulation (AIq = 100 mA) . . . 20 mV 
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APPLICATION CIRCUITS (continued) 
Fig. 18 - Positive switching regulator 



Fig. 19 - Remote shutdown regulator with 
current linniting 








Typical performance 

Regulated Output Voltage +5V 

Line Regulation (AVj =-- 30V) 10 mV 

Load Regulation (AIq = 2A) 80 mA 



Typical performance 

Regulated Output Voltage 5V 

Line Regulation (AVj = 3V) 0.5V 

Load Regulation (AIq = 50 mA) ... .1.5 mV 

NOTE: Current limit transistor may be used for 
shutdown if current limiting is not required. 



Fig. 20 - Shunt regulator 



.•i_L 
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0- 


12 11 
6 10 

9 

LU6 2 

3 

5 4 
7 . 13 


Vq t regulated 

R3 ^^'""^ —^OUTPUT 


± 1 




CretJ hpz 


■i| 


7 



Typical performance 

Regulated Output Voltage +5V 

Line Regulation {AVj = 10V) 2 mV 

Load Regulation (Alo =100 mA) .... 5mV 
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APPLICATION CIRCUITS (continued) 

Fig, 21 - 60V voltage regulator with foldback characteristic 




Fig. 22 
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Fig. 23 - Motor speed control 
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APPLICATION CIRCUITS (continued) 



Fig.24-Step-down switching regulator for 12V car radio Performance: 




Output voltage 13.5V 

Max output current. 3A 

Input voltage range 20 to 30V 

Line regulation 50 dB (lo= 2A) AVj= 10V 

Load regulation 0.1%(Alo=3A) 

Ripple 100 mVpp 

Efficiency 75%(lo=3A) 

Switching frequency 25 KHz 



Fig. 25 - SOW motor speed regulator with tacho adjustnnent and speed change-over switch 




NOTE- For a more detailed description of tfie L1 46 and its applications, refer to SGS- 
TECHNICAL NOTE TN. 150. 
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LINEAR INTEGRATED CIRCUIT 



MONOLITHIC HIGH GAIN POWER OUTPUT STAGE 

The L149 is a general purpose power booster in Pentawatt® package consisting of a quasi-complemen- 
tary darlingtons output stage with the associated biasing system and inhibit facility. 
The circuit features are: 



— Short circuit protection 

— Operation within SOA 

— High slew-rate 



— High output current (4A peak) 
~ High current gain (10 000 typ.) 

— Operation up to ± 20V 

— Thermal protection 

The device is particularly suited for use with an operational amplifier inside a closed loop configuration 
to increase output current {Po= 20W, d = 0.5%, Rl= 4n, Vs= ± 16V). 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


±20 


V 


V| 


Input voltage 


Vs 




lo 


DC output current 


3 


A 


lo 


Peak output current (internally limited) 


4 


A 


V.NH 


Input inhibit voltage 


-Vs+5 


V 






-Vs-1.5 


V 


Ptot 


Power dissipation at Tcase= 75°C 


25 


W 


Tstg'Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: L149V 



MECHANICAL DATA 



Dimensions in mm 



' ,rt 1 ' ' 
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— r.:, .]: . L 


",."„! .:-v;-^. 






;■•'■■--. , '• 2t2^:^v'v. „: 








"'■'.:22S'^''-' ".X:: 


: :■'!' '■■';; 




;t^y3± 



6/82 



68 



CONNECTION DIAGRAM (top view) 



/ 



(tab connected to pin 3) 



Z:> OUTPUT 



3 

IZ> INPUT 
Z> INHIBIT 



SCHEMATIC DIAGRAM 



OOUT 
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THERMAL DATA 



*th j-case 



Thermal resistance junction-case 



°C/W 



ELECTRICAL CHARACTERISTICS {Tarr,b= 25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 








±20 


V 


Id 


Quiescent drain current 


Vs=± 16V 




30 




mA 


"in 


Input current 


Vs=±16V Vi=OV 




200 


400 


mA 


hpE 


DC current gain 


Vs = ±16V lo = 3A 


6000 


10000 




- 


Gv 


Voltage gain 


Vs=±16V lo=1.5A 




1 




- 


VcEsat 


Saturation voltage 
(for each transistor) 


lo = 3A 






3.5 


V 


Vos 


Input offset voltage 


Vs=± 16V 






0.3 


V 


V,NH 


Inhibit input voltage 
(pins 1-3) 


ON condition 






±0.3 


V 


OFF condition 


± 1.2 






R|NH 


Inhibit input resistance 


f =1 KHz 




2.0 




Ka 


SR 


Slew rate 






30 




V/ms 


B 


Power bandwidth 


Vs=±18V, d = 1%, RL=8n 




200 




KHz 



TEST CIRCUIT 




OOUT 



Q ^ n o — ~-i> ^ 

INHIBIT \ -TT, r- nr, r- 

O.IajF O.IajF 

O ^» JL J. 

O -V<- s-^otsn 
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Fig. 1 - Maximum saturation 
voltage vs. output current 



CE(sat) 
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Fig. 2 - Current limiting 
characteristics 




Fig. 3 - Supply voltage 
rejection vs. frequency 
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APPLICATION INFORMATION 

Fig. 4 - High power amplifier with single power supply (0^= 30 dB) 



0*V3 




0.22/uF 



Fig. 5 - Distortion vs. out- 
put power (f = 1 KHz) 
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t=1KHz 














































1 


























L 















, 


— 


- 


- 


_J. 




-=. 


= 


= 








































RL=8ap-f: 
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Vs = 32V 
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Fig. 6 - Distortion vs. out- 
put power (f= 10 KHz) 
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Fig. 7 - Output power vs. 
supply voltage 
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APPLICATION INFORMATION (continued) 
Fig. 8 - High slew-rate power operational amplifier 



-0*Vs 




-0-V3 



Fig. 9 - Electronic potentiometer (short-circuit protected) 

— ] — X 






20V 

o 






X" 

O.IajfT 



0to18V 
O 



Fig. 10 - 720W Switch-Mode Power Supply using the L149 as driver stage for the power transistors 

pVcc = 300V 

1 r^Vcc • 5V 




■-^vcc-sv 



11 



NOTE - For a more detailed description of the L 149 and its applications, refer to SGS- 
TECHNICAL NOTE TN. 150. 
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LINEAR INTEGRATED CIRCUIT 



3A POWER OPERATIONAL AMPLIFIER 



® 



The L165 is a monolithic integrated circuit in Pentawatt^ package, intended for use as power oper- 
ational amplifier in a wide range of applications, including servo amplifiers and power supplies. The high 
gain and high output power capability provide superior performance wherever an operational amplifier/ 
power booster combination is required, 

— Output current up to 3A. 

— Large common-mode and differential mode ranges. 

— SO A protection. 

— Thermal protection. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


±18 


V 


V, 


Input voltage 


Vs 




Vi 


Differential input voltage 


±15 


V 


lo 


Peak output current (internally limited) 


3.5 


A 


Ptot 


Power dissipation at Tcase= 90°C 


20 


W 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: L165V 



MECHANICAL DATA 



Dimensions in mm 



f 








15.75 








\ 


/'-r -■-' 
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^•22^/B ■:;■;.''>:/-■ 







^3.75^3.85 poto-B 
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L165 



CONNECTION 

(top view) 



DIAGRAM 




> INVERTING INPUT 
NON INVERTING INPUT 



tab connected to pin 3 



SCHEMATIC DIAGRAM 




THERMAL DATA 



Rth j- 



Thermal resistance junction-case 



°C/W 



74 



L165 



ELECTRICAL CHARACTERISTICS (V^ = ± 15V, Tamb= 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


1 

Typ. 


Max. 


Unit 


Vs 


Supply voltage 




±6 




±18 


V 


Id 


Quiescent drain current 


Vs= ± 18V 




40 


60 


mA 


lb 


Input bias current 




0.2 


1 


mA 


Vos 


Input offset voltage 




±2 


±10 


mV 


los 


Input offset current 




±20 


±200 


nA 


SR 


Slew-Rate 


Gv= 10 




8 




V/ius 


Gv= 1 (°) 




6 




Vo 


Output voltage swing 


f=1kHz lp = 0.3A 
lp = 3A 




27 
24 




Vpp 


f=10kHz lp = 0.3A 
lp = 3A 




27 
23 




Vpp 


Rj 


Input resistance (pin 1) 


f = 1 KHz 


100 


500 




xn 


Gv 


Voltage gain (open loop) 




80 




dB 


sn 


Input noise voltage 


B = 1 to 1 000 Hz 




2 




mV 


'N 


Input noise current 




100 




pA 


CMR 


Connnnon mode rejection 


Rg<10Kn Gv=30dB 




70 




dB 


SVR 


Supply voltage rejection 


Rg= 22 kn 

Vripple=0-5Vrms 
fripple=100Hz 


Gv = 10 




60 




dB 


Gv = 100 




40 




dB 


r? 


Efficiency 


f = 1 kHz 
RL=4n 


lp= 1.6A; Po= 5W 




70 




% 


lp = 3A; Po = 18W 




60 




% 


Tsd 


Thermal shut-down case 
temperature 


Ptot=12W 




110 




°C 


Ptot= 6W 




130 





(°) Circuit of fig. 8. 
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Fig. 1 -Open loop frequency 
response 



Fig. 2 - Closed-loop fre- 
quency response (circuit of 
fig. 8) 
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Fig. 3 - Large signal fre- 
quency response 
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Fig. 4 - Maximunn output 
current vs. voltage [V^e] 
across each output transistor 
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Fig. 5 - Safe operating area 
and collector characteristics 
of the protected power 
transistor 



VcEQ2(V) -30 



30 VcEQi (V) 




Fig. 6 - Maximum allowable 
power dissipation vs. am- 
bient temperature 
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Fig. 7 - Application circuit (G^ > 10) 



Fig. 8 - Unity gain configuration 
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Fig. 9 - Motor current control circuit with external power transistors (Imotor ^ 3.5A) 



36Ka 10Kil 




R3* RA* 



Note: The input voltage level is compatible with L291 (5-BIT D/A converter) 



Fig. 10 - High current tracking regulator 



Fig. 11 - Bidirectional speed control of 
DC nnotor 



-«D 



Vp =3to(V|-4)V 



"L 




T-^'" 




15V 

Q 

lO.lAiF 
I 
L165> " Jo.22a.f | 




0.1/.Fa^ .WSC MOTOR 

XL 



-15V 
RT 




^' 



A:for±18<Vi<±32 

Note — V^ must be chosen in order to verify 
2 Vj - Vz < 36V 

B:forV|<±18V 
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Fig. 12 - Split power supply 




Fig. 13 - Power squarewave oscillator with independent adjustments for frequency and duty-cycle. 




L165>=-^' H^— O'out 

j^ 0'" 

0-15V T 

>2y R4 =:0.22hF 



__ P_ PI : duty-cycle adjust 
o^out JIJL P2 : frequency adjust (f = 700 Hz with 
C1= 10 nF, P2= 100 Kn, f=25 Hz 
withC1= lOnF, P2=0) 



'lOOKa 1.5 KH. 
|R3 
j3.3Kn 



Fig. 14 - Bidirectional DC motor control with TTL/C-MOS/juP compatible inputs 

0*Vs2 




h(m>- 



II II 




Vsi = logic supply voltage 



Must be Vs2 > Vsi 



E1, E2 = logic inputs 



NOTE - For a more detailed description of t/ie L 165 and its applications, refer to SGS- 
TECHNICAL NOTE TN. 150. 
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LINEAR INTEGRATED CIRCUITS 



Hi 



•11 



POSITIVE VOLTAGE REGULATORS WITH RECTIFYING BRIDGE 

• OUTPUT VOLTAGE: 5V, 12V AND 15V 

• OUTPUT CURRENT UP TO 500 mA 

• SHORT CIRCUIT PROTECTION 

• THERMAL OVERLOAD PROTECTION 

• OVERVOLTAGE PROTECTION (60V - 10 ms) 

The L194-5,L194-12 and L194-15 are fixed voltage regulators assembled in Pentawatt® package. 
They incorporate a rectifying diode bridge with 7A surge current capability. 



ABSOLUTE MAXIMUM RATINGS 



Vi 


Peak input voltage (lOms) 


60 


V 


Vi 


DC input voltage (at pin 2) 


40 


V 


Vi 


AC input voltage (rms) 


28 


V 


Vr 


Peak reverse voltage across each diode 


80 


V 


Id 


Input diode repetitive current 


2 


A 


Ids 


Input diode surge current (10 ms) 


7 


A 


In 


Output current 


Internally limited 




Ptot 


Power dissipation 


Internally limited 




T^q 


Storage temperature 


-65 to +150 


°C 


Tj 


Operating junction temperature 


-25 to +150 


°C 



ORDERING NUMBERS: L194-5V (Vo= 5V) 
L194-12V (Vo=12V) 
L194-15V (Vo=15V) 



MECHANICAL DATA 



Dimensions in mm 



17.85 
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L194-5 

L194-12 

L194-15 



CONNECTION DIAGRAM 

(top view) 



BLOCK DIAGRAM 



<i> 



(tab connected to pin 3) 



3 AC INPUT 

> OUTPUT 

3 GND 

ZZy DCINPUT 

3 AC INPUT 




THERMAL DATA 



'th j-case 
'th j-amb 



Thermal resistance junction-case 
Tiiermal resistance junction-ambient 



max 
max 



4 
50 



°C/W 

°c/w 



ELECTRICAL CHARACTERISTICS (Tj =25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


id 


Quiescent drain 
current 


lo = 


Vj (pin 2) = 28V 




5 


14 


mA 


Vo 


Output voltage 


lo= 100mA 


Vj = 15V (LI 94-5) 
Vi=22V (L194-12) 
Vj = 25V (L194-15) 


4.75 
11.4 
14.25 


5 

12 
15 


5.25 
12.6 
15.75 


V 


AVo 


Line Regulation 


lo = 100 mA 


Vi= 8 to 18V (L194-5) 
Vj = 15 to 25V (LI 94-1 2) 
Vj = 18to28V (L194-15) 




5 

10 
15 




mV 



80 



Lie4-5 

L194-12 

L194-15 



ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


^^o Load Regulation 


Vi = 15V (L194-5) 
oin A V( = 22V (LI 94-12) 
250 nnA Vj = 25V (L194-15) 




1 
1 
1 




% 


Vo 


Vj_o Dropout voltage 
(pin 2-4) 


lo = 300 mA 




2 


3 


V 


^Vq Output voltage drift 


Vi = 15V (L194-5) 
lo= 100 mA Vi = 22V (L194-12) 
Vi = 25V (L194-15) 




0.3 
0.6 
0.8 




mV/°C 


AT 


Iq Output current 


^^° <1o/ LI 94-5/1 2 
Vo ^ '/° L194-15 (*) 


500 
300 






mA 


Igc Short-circuit current 


Vj = 15V {L194-5) 
Vi = 22V (L194-12) 
Vi = 25V(L194-15) 




700 
500 
400 




mA 


Ip Peak output current 




0.7 




1.4 


A 


SVR Supply voltage 
Rejection 


f = 100Hz LI 94-5/1 2 
lo = 200 mA L194-15 
AVi = 10V 




46 
40 




dB 


Rq Output Resistance 


f = 1 kHz lo = 100 mA 




80 




mn 


Vfj Diode Forward 
Voltage 


If = 1A 
lf = 5A 




1.6 
4.5 




V 



*) See diagram of fig. 1 . 



APPLICATION CIRCUIT 



In the design of power supplies using 
the LI 94, it nnust be always verified 
that: 



^/2ys 



peak 



<7A 



where Rg is the sunn of the transfornner 
resistance, the equivalent diode re- 
sistance and external resistors. 
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L194-i 

L194-12 

L194-15 



APPLICATION INFORMATION 

The Absolute Maximum Ratings guarantee a max of 40V at pin 2 with max peak current of 7A in the 
rectifying diodes. 

To avoid to damage the device, a suitable transformer secondary must be used so that even when there 
are network variations the limits set are always respected during operation. 

For example, with a nominal voltage of 24 V^ms the maximum variations due to the transformer toler- 
ance are ± 20% . 

In order to limit (to the maximum value allowed) the current peak, which occurs in diodes during 
switch-on, an external resistance Re Jn series with the secondary of the transformer, must be introduced. 
Supposing that the capacitor of the filter is discharged at switch-on, the following equivalent circuit can 
be drawn: 




Vs = Secondary voltage. 

R-p = Secondary resistances of transformer. 

Rd = Resistance produced by the diode pair Involved in 
conduction. 



If values Rx and Rp are known R^ is calculated in such a vyay that the peak current at switch-on does 
not exceed 7A. 



Rf > 



Vs peak — 7 (Rj + Rp) 

7 



For the 5V, with the nominal voltage of the 10VA transformer at 12V and with a total voltage variation 

of ±15%, the transformer secondary is connected directly to pins 1 and 5. 

For correct use of the device at 15V the graph in fig. 1 gives the max output current. 



Fig. 1 ~ Guaranteed output 
current vs. secondary voltage 
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Note: 

Vsnom = 24.6 V^ms for 220V ± 15%. 

Vs nom"^= 23.55 V^mg ^o"" 220V ± 20%. 
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LINEAR INTEGRATED CIRCUIT 



ADJUSTABLE VOLTAGE AND CURRENT REGULATOR 



• ADJUSTABLE OUTPUT CURRENT UP TO 2A (GUARANTEED UP TO Tj- 

• ADJUSTABLE OUTPUT VOLTAGE DOWN TO 2.85V 

• INPUT OVERVOLTAGE PROTECTION (UP TO 60V, 10 ms) 

• SHORT CIRCUIT PROTECTION 

• OUTPUT TRANSISTOR S.O.A. PROTECTION 

• THERMAL OVERLOAD PROTECTION 

• LOW BIAS CURRENT ON REGULATION PIN 

• LOW STANDBY CURRENT DRAIN 



150°C) 



The L200 is a monolithic integrated circuit for voltage and current programmable regulation. It is 
available in Pentawatt® package or 4-lead TO-3 metal case. Current limiting, power limiting, thermal 
shutdown and input overvoltage protection (up to 60V) make the L200 virtually blowout proof. The 
L200 can be used to replace fixed voltage regulators when high output voltage precision is required and 
eliminates the need to stock a range of fixed voltage regulators. 



ABSOLUTE MAXIMUM RATINGS 



Vi 


DC input voltage 


40 V 


Vi 


Peak input voltage (10 ms) 


60 V 


AV,.„ 


Dropout voltage 


32 V 


In 


Output current 


internally limited 


Ptot 


Power dissipation 


internally limited 


Tstg 


Storage temperature 


-55 to 150 °C 


• op 


Operating junction temperature for L200C 


-25 to 150 °C 




for L200 


-55 to 150 °C 



MECHANICAL DATA 



Dimensions in mm 






W 


W^^ 


m':::^^ 


:* 






;|?<i^3pii^::W:r: 



^v^iiSiiiilSpJ 



vlWSc 



83 



6/82 



L200 



CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 



Z> OUTPUT 
ZI> REFERENCE 
3 GND 

> LIMITING 




Type 


Pentawatt® 


TO-3 


L200 




L200T 


L200C 


L 200 CH 
L 200 CV 


L 200 CT 



BLOCK DIAGRAM 



CURRENT 
SOURCE 



PASS 
ELEMENT 



S.O.A. 
PROTECTION 



ERROR 
AMPLIFIER 



THERMAL 
PROTEaiON 



_5^g OUTPUT 



^CURRENT 
/LIMITING 



-<^^ 



REFERENCE 



HD3 GROUND 
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SCHEMATIC DIAGRAM 




THERMAL DATA 



TO-3 



Pentawatt 



® 



Thermal resistance junction-case 
Thermal resistance junction-ambient 



max 
max 



4°C/W 
35 °C/W 



3°C/W 
50 °C/W 



ELECTRICAL CHARACTERISTICS (Ta^b= 25°C, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



VOLTAGE REGULATION LOOP 



Id 


Quiescent drain current (pin 3) 


Vj = 20V 




4.2 


9.2 


mA 


Bn 


Output noise voltage 


Vo=V,ef lo=10mA 
B= 1 MHz 




80 




mV 


Vo 


Output voltage range 


lo= 10mA 


2.85 




36 


V 


Vo 


Voltage load regulation 
(note 1) 


Alo= 2A 
Alo= 1.5A 




0.15 
0.1 


1 
0.9 


% 
% 


AVj 
AVo 


Line regulation 


Vo=5V 

Vi = 8to18V 


48 


60 




dB 


SVR 


Supply voltage rejection 


Vo=5V lo= 500 mA 
AVi=10Vpp 
f=100Hz (note 2) 


48 


60 




dB 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


AVi-o 


Droupout voltage between 
pins 1 and 5 


lo= 1.5A AVo <2% 




2 


2.5 


V 


Vref 


Reference voltage (pin 4) 


Vj = 20V lo = 10mA 


2.64 


2.77 


2.86 


V 


AVref 


Average temperature 
coefficient of reference voltage 


Vj = 20V lo= 10 mA 

forTj=-25to 125°C 
forTj=125to150°C 




-0.25 
-1.5 




mVrc 
mV/°C 


u 


Bias current at pin 4 






3 


10 


juA 


AI4 


Average temperature 
coefficient (pin 4) 






-0.5 




%/°C 


AT-U 


Zo 


Output impedance 


Vj=10V Vo=V,ef 
lo=0.5A f=100Hz 




1.5 




mfZ 



CURRENT REGULATION LOOP 



Vsc 


Current limit sense voltage 
between pins 5 and 2 


Vi=10V Vo = V,ef 
15= 100 mA 


0.38 


0.45 


0.52 


V 


AVsc 
AT-Vse 


Average temperature 
coefficient of Vsc 






0.03 




%/°C 


Alo 


Current load regulation 


V|=10V AVo=3V 

lo=0.5A 

lo=1A 

lo=1.5A 




1.4 

1 

0.9 




% 
% 
% 


Id 


Isc 


Peak short circuit current 


Vj-Vo= 14V 

(pins 2 and 5 short circuited) 






3.6 


A 



Note 1): A load step of 2A can be applied provided that input-output differential voltage is lower than 20V (see 
fig. 1). 

Note 2): The same performance can be maintained at higher output levels if a bypassing capacitor is provided bet- 
ween pins 2 and 4. 
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Fig. 1 - Typical safe oper- 
ating area protection 
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Fip. 2 - Quiescent current 
vs. supply voltage 
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Fig. 3 - Quiescent current 
vs. junction tennperature 
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Fig. 4 - Quiescent current 
vs. output current 
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Fig. 5 - Output noise voltage 
vs. output voltage 
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Fig. 6 - Output noise voltage 
vs. frequency 
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Fig. 7 - Reference voltage 
vs. junction temperature 
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Fig. 8 - Voltage load regu- 
lation vs. junction tem- 
perature 
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Fig. 9 - Supply voltage re- 
jection vs. frequency 
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Fig. 10 - Dropout voltage 
vs. junction temperature 
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Fig. 1 1 - Output impedance 
vs. frequency 
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Fig. 12 - Output Impedance 
vs. output current 
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Fig. 13 - Voltage transient 
response 



m 



Co=^, C2-4=0 
5.5V , V|.= 10V 



01 23A56789t (ps) 



Fig. 14 - Load transient response 
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Fig. 15 - Load transient response 




Fig. 16 - Current limit sense 
voltage . vs. junction tem- 
perature 
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APPLICATION CIRCUITS 

Fig. 17 - Programmable voltage regulator Fig. 18 - P.C. board and components layout of fig. 17 

(1 : 1 scale) 
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Fig. 19 - Programmable voltage regulator with 
current limiting 



Fig. 20 - Programmable current regulator 
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Fig. 21 - High current voltage regulator with 
short circuit protection 




Fig. 22 - Digitally selected regulator with 
inhibit 



O.lyuF" 

nhibit 
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APPLICATION CIRCUITS 

Fig. 23 - Tracking voltage regulator 



Fig. 24 - High current regulator with NPN 
pass transistor 



5C24 



n-i" 



L200 




liJ 

JB0X5AA 






n 



onp" 



Rsc 

-CZD- 



lOkfW 



A: Vi(^ax)< ± 34V ; 3 < V^ < 30. 
B: Vi(n,ax)< ± 22V ; 3 < Vq < 18. 



Fig. 25- High current tracking regulator 



2S0.22/JF 




-.^ ' ^ T O.V, 



A:for±18<V, <±32 

Note — V^ musl 
2 Vj-V 

B:forVi<± 18V 



Note — V^ must be chosen in order to verify 
2 Vj - Vz < 36V 



Fig. 26 - High input and output voltage 
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APPLICATION CIRCUITS (continued) 



Fig. 27 - Constant current battery charger 



Fig. 28 - SOW Motor speed control 




The resistors Ri and R2 deternnine the final 
charging voltage and Rgc the initial charging 
current. Di prevents discharge of the battery 
throught the regulator. 

The resistor R|_ limits the reverse currents 
through the regulator (which should be 100 
mA max) when the battery is accidentally 
reverse connected. If Rl is in series with a 
bulb of 12V/50 mA rating this will indicate 
incorrect connection. 




R3 B — * ^M 



Vm= V,ef • (1 + -p^-) 



Rl 



Fig. 29 - Low turn on 



Fig. 30- Light controller 



I I IOOajF I 

^ >^ mlm S-3921 
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APPLICATION CIRCUITS (continued) 

Fig. 31 - Programmable voltage and current regulator 




Vo=Vrefto26V . 

I.=35mAto1.5A 



*P1:CURRENT REGULATION 
P2:V0LTAGE REGULATION 



S - ^125 /I 



Note: Connecting point A to a negative voltage (for example-3V/10 mA) it is possible to extend the output voltage 
range down to OV and to obtain the current limiting down to this level (output short-circuit condition). 



NOTE - For a more detailed description of ttie L200 and its applications refer to SGS- 
TECHNICAL NOTES TNI 46 and TNI 50. 
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LINEAR INTEGRATED CIRCUITS 






HIGH-VOLTAGE, HIGH-CURRENT 7 DARLINGTON ARRAYS 

These high-voltage, high-current Darlington transistor arrays comprise seven NPN Darlington pairs on a 

comnnon monolithic substrate. All units feature open collector outputs and integral suppression diodes 

for inductive loads. Peak currents of 600 mA can be withstood, making them ideal for driving tungsten 

filament lamps. 

The L 201 is a general-purpose array wich may be used with DTL, TTL, PMOS, CMOS, etc. It is pinned 

with inputs opposite outputs to facilitate circuit board layout and is priced to compete directly with 

discrete transistor alternatives. 

The L 202 was specifically designed for use with 14 to 25V PMOS devices. 

Each input has a Zener diode and resistor in series in order to limit the input current to a safe value. 

The L203 has a series base resistor to each Darlington pair allowing operation directly with TTL or 

CMOS operating at a supply voltage of 5V. 

The L204 has a series base resistor to each Darlington pair, allowing operation directly with PMOS or 

CMOS utilizing supply voltage of 6 to 15V. 

In all cases, the individual Darlington pair collector current rating is 500 mA. However, outputs may be 

paralleled for higher load current capability. The devices are supplied in a 16-lead dual in-line plastic 

package with copper frame. 

ABSOLUTE MAXIMUM RATINGS 



Vj 


Input voltage (for L 202, L 203 and L 204) 


30 


V 


Vo 


Output voltage (collector-emitter) 


50 


V 


VcEO(sus) 


Collector-emitter sustaining voltage 


36 


V 


Ic 


Collector current 


500 


mA 


•b 


Base current (for L 201 only) 


25 


mA 


Ptot 


Total power dissipation at Tamb - 25°C 


1.8 


W 


Top 


Operating junction temperature 


-25 to 150 


"C 


Tstg 


Storage temperature 


-55 to 150 


°C 



ORDERING NUMBERS: 



L201B, L203B 
L202B, L204B 



MECHANICAL DATA 



Dimensions in mm 



r' 








TT 


MMKRR 

0.85^160 1 






<yi 


Q45 , 


,2.54 


127max| ^ 


17.78 ■ , 








U'U u u u u u u 



M^ 



QA. 



7.6 
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L201 L202 
L203L204 



CONNECTION DIAGRAM (top view) 



IN 1 1 

IN 2 2 

IN 3 3 

IN A 4 



IN 5 5 

IN 6 6 

IN 7 7 

GND sl 



|-t> 



^ 



^'. 



^' 



^- 



^. 



r^' 



16 OUT 1 

15 OUT 2 

U OUT 3 

13 OUT 4 

12 OUT 5 

n OUT 6 

10 OUT 7 

q COMMON FREE 
^WHEELING DIODES 



SCHEMATIC DIAGRAM 



For L201 



INO f- 



EACH DRIVER 



< 



< 



->| OCOM 



■"' f OOUT 



For L 202 



INO f—f4- 



>l OCOM 



<' J OOUT 



EACH DRIVER 




For L 203 



For L 204 



2.7kn ^^- 

'No r • 1 =^ — r-*x_ 



EACH DRIVER 



-►I OCOM 



^- f OOUT 



< 
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^ -^4 

EACH DRIVER 



>l OCOM 



■J OOUT 
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L201 L202 
L203 L204 



THERMAL DATA 



Rthj-amb Thermal resistance junction-ambient 



70 °C/W 



ELECTRICAL CHARACTERISTICS (Iamb = 25°C, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 
No. 


'CEX 


Collector cutoff 


for L 201 














current 


VcE = 50V 
for L 202 




0.2 


3 


mA 


1 






VcE = 50V Vj = 7V 




0.2 


3 


mA 


2 






for L 203, L 204 
















VcE = 50V lj = 




0.2 


3 


mA 


1 


VcE(sat) 


Collector-emitter 


lc = 350 mA Ib=500mA 




1.25 


1.6 


V 






saturation voltage 


lc = 200 mA Ib = 350mA 




1 


1.3 


V 


3 






lc= 100 mA Ib = 250mA 




0.85 


1.1 


V 




•i 


Input current 


for L 202 
















Vi= 17V 




0.75 


1.3 


mA 








for L 203 
















Vj = 3.85V 




0.9 


1.35 


mA 


5 






for L 204 
















Vj= 5V 




0.35 


0.5 


mA 








Vj= 12V 




1.1 


1.45 


mA 




"C(off) 


VcE = 50V lj = 25iuA 






25 


juA 


4 


Vj 


Input voltage 


for L 202 
















lc = 300 mA VcE=2V 




10.5 


13 


V 








for L 203 
















lc = 300 mA VcE = 2V 




1.8 


3 


V 








lc = 250 mA VcE = 2V 




1.7 


2.4 


V 


7 






for L 204 
















VcE = 2V lc= 200 mA 




4.5 


6 


V 








VcE = 2V lc = 350 mA 




5 


8 


V 




hpE 


DC current gain 
(for L 201 only) 


lc = 350 mA VcE=2V 


1000 


3000 






3 


Ir 


Parallel diode reverse 
current 


Vr = 50V 




0.5 


50 


mA 


6 


Vf 


Parallel diode forward 
voltage 


If = 350 mA 




1.4 


2 


V 


8 


tPLH 


Turn-on delay time 


0.5 Vj to 0.5 Vq 






5 


MS 


- 


tPHL 


Turn-off delay time 


0.5 Vj to 0.5 Vq 






5 


MS 


- 
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TEST CIRCUITS 



Fig 1 - For L 201, L 203 
and L 204 



OPEN +50V 



OPEN ^^ 

O ^^^ 



Fig. 2- For L 202 



*7V ^Sr> 



OPEN +50V 

Q 



if ^ 



r 
1 1 



Fig. 3 - For L 201, L 202, 
L 203 and L 204 



ik 'B 






Fig. 4 - For L 201, L 202, 
L 203 and L 204 



Fig. 5 - For L 202, L 203, 
and L 204 



Fig. 6 - For L 201, L 202, 
L 203 and L 204 



OPEN +50V 

o 




(aja 



1 i 




PEN ^Vw ^ 

O ^>o 



Fig. 7 - For L 202, L 203, 
and L 204 



Fig. 8 - For L201, L 202, 
L 203 and L 204 
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O ^^^O- 



'' V O 
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APPLICATION CIRCUITS 

PMOS to load 

(L 202 and L 204) 




Buffer for high current load 
(L 203 and L 204) 




TIL to load (L203) 







C MOS OUTPUT 



TTL OUTPUT 



Fig. 9 - DC current gain. vs. 
collector current (for L 201) 
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Fig. 10 - Collector current 
vs. collector emitter satu- 
ration voltage 
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Fig. 1 1 - Peak collector cur- 
rent as a function fo duty 
cycle and number of outputs 
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Fig. 12 - Input current vs. 
input voltage (for L 202 
and L 204) 
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Fig. 13 - Input current vs. 
input voltage (L203) 



Fig. 14 - Power rating chart 
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L290 



LINEAR INTEGRATED CIRCUIT 



TACHOMETER CONVERTER 

The L290, a monolithic LSI circuit in a 16-lead dual in-line plastic package, is intended for use with the 

L291 and L292 which together form a complete 3-chip DC motor positioning system for applications 

such as carriage/daisy-wheel position control in typewriters. 

The L290/1/2 system can be directly controlled by a microprocessor. The L290 integrates the following 

functions: 

— tacho voltage generator (F/V converter) 

— reference voltage generator 

— position pulse generator. 



ABSOLUTE MAXIMUM RATINGS 



Vs Supply voltage 


±15 


V 


Vj (FTA, FTB, FTF) Input signals 


±7 


V 


Ptot Total power dissipation Tamb== 70°C 


1 


W 


Tstg, Tj Storage and junction temperature 


-40 to +150 


°C 



ORDERING NUMBER: L290 B 



MECHANICAL DATA 



Dimensions in mm 




, U"'^* 



QA, 



7.6 



6/82 
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CONNECTION DIAGRAM 

(top view) 



BLOCK DIAGRAM 
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|l5 VAA 


Vref 


3[ 




]lA STA 


TACHO a[ 
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ll2 FTF 


Vbias 
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jl1 GND 


VMB 
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VMA 
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15 2 7 f 
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TEST CIRCUIT 



Vs +Vs TACHO 

5Kil 



-O ^-57 




THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 80 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, S in(A),V3 -±12VJan^b= 
unless otherwise specified) 



25°C 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




±10 




±15 


V 


Id Quiescent drain current 


Vs = ± 15V 




13 


20 


nnA 


INPUT AMPLIFIERS (AiandA2) 


FTA, FTB Input signal from encoder 
(pin 1, 16) 


frnax= 20 KHz 


±0.4 




±0.6 


Vp 


Vqs Output offset voltage 
(pin 2, 15) 


FTA = FTB = OV 






±55 


mV 


lb Input bias current (pin 1, 16) 






0.15 




mA 


Gy Voltage gain 


f = lOKHz FTA=FTB=±0.6Vp 


22 


23 


24 


dB 


Vq Output voltage swing 
(pin 2, 15) 


FTA= FTB= ± 1 Vp 


±9.5 






V 



100 



ELECTRICAL CHARACTERISTICS (continued) 


Parameters 


Test conditions 


Min. 


Typ. 


Max. Unit 


COMPARATORS WITH HYSTERESIS (Ci, C2 and C3) 


Vthp(° ) Positive Threshold voltage 
(pin 2, 12,15) 


Cj and C2 


550 




850 


mV 


C3 


700 




900 


mV 


VyH|vj(°°) Negative Threshold voltage 
(pin2, 12, 15) 


Ci and C2 


55 




175 


mV 


C3 


570 




830 


mV 


V|_ Output voltage (low level) 
(pin 10,13, 14) 


Iq = 2 mA 

FTA= FTB= FTF= OV 




0.2 


0.4 


V 


lleak (pinslO, 13, 14) 


FTA= FTB= 0.5V 
VcE=5V FTF=1V 






1 


mA 



REFERENCE GENERATOR 



Vj^ef ^^ reference voltage 
(pin 3) 


FTA= FTB= ± 0.5Vp(*) 
lref= 1 mA 


4.5 


5 


5.5 


V 


Iref Output current (pin 3) 








1.4 


mA 



"TACHO" AMPLIFIER {A3) 



Vos 


Output offset voltage (pin 4) 


FTA=± 15 mV FTB= 0.5V 






±80 


mV 


Vo 


DC output voltage (pin 4) 


FTA= FTB= ±0.5Vp 
Vma=Vmb=±1-25Vp 


(**) 
Vol 


5.4 


6 


6.6 


V 


(***) 
V02 


-5.4 


-6 


-6.6 


AVo 


Vol + V02 


-150 




+ 150 


mV 


Vo 


Output voltage swing (pin 4) 


Sin(B) 


FTA= FTB= 0.5V 


9 






V 


FTA= FTB= -0.5V 


-9 






Vma 
Vmb 


Multiplier input voltage 
(pin 7, 8) 






± 1.25 


± 1.7 


Vp 


Vbias 


Bias voltage (pin 6) 


FTA and FTB floating 


-6.5 




-8 


V 



FTA = FTB = FTF = ^ J~ ^ 



(°) 

Note : Phase relationship between the signals; 
* FTA : 0° FTB : 90° 



(00) . FTA= FTB= FTF = 



A_c 



FTA : 0° 
FTA : 0° 



FTB : -90° 
FTB : 90° 



Vma=90° Vmb=0° 
Vma=90° Vmb=180° 
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WAVEFORMS (Neglecting threshold voltage level of the comparators) 



ANTICLOCKWISE 
DIRECTION 




SYSTEM DESCRIPTION : refer to the L292 data sheet 
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Fig. 1 - Complete application circuit 



I: 



FROM ENCODER 



iKfl UiKn. 



irxTiT' 



L290 



~]5 

GNO -V, 







L292 



D,3£ iiOj 



C18X y5i 
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LINEAR INTEGRATED CIRCUIT 



5 BIT-D/A CONVERTER AND POSITION AMPLIFIER 

The L291, a monolithic LSI circuit in a 16-lead dual in-line plastic package, is intended for use with the 

L290 and L292 to form a complete 3 chip DC motor positioning system for applications such as carriage/ 

daisy-wheel position control in typewriters. 

The L290/1/2 system can be directly controlled by a microprocessor. 

The L291 integrates the following functions: 

— 5 bit D/A converter (^ LSB max linearity error) 

— error amplifier 

— position amplifier 



ABSOLUTE MAXIMUM RATINGS 



Vg Supply voltage 

Ptot Total power dissipation Tgmb— 70°C 

Tstg' Tj Storage and junction temperature 



±15 

1 

-40 to 150 



V 
W 
°C 



ORDERING NUMBER: L291 B 



MECHANICAL DATA 



Dimensions in mm 




Ml 



QJ* 



7.6 



u uu u'uu u 



6/82 
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CONNECTION DIAGRAM 

(top view) 



lai 







^ 


ERRV 


1 1 




SCi 


2[ 




SC2 


3[ 




SC3 


A [ 




SC^ 


s] 




SC5 


6[ 




SIGN. 


yf 




Strobe 


8[ 





16 POS/OUT 

15 P05/IN 

1A .^Vs 

13 GND 

12 DAC/OUT 

11 N.C. 

10 -Vs 

9 OAC/IN 



BLOCK DIAGRAM 













10 13 

-vsl gndI 










SCI 






^1^ 




2 


D/A 
CONV. 






3 


5C2 




4 


SC3 




5 


SCA 




6 


SC5 




r^v^ 




POS^ 
AMPU^ 






SIGN 




I 


AMPU5>''^ 




I 






(b)o^ 


POS/0 


9 




DAC/IN 








Strobe 














DAC 


OUT 




ERRV 




POS 


/IN 
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TEST CIRCUIT 



SIGN DAC/IN 




a o o — I a o o — , 



THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 80 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the circuit, S1 and 82 in (a), Vs = ± 12V, 
Tamb~ 25°C, unless otherwise specified) 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




± 10 




± 15 


V 


lei Quiescent drain current 


Vs = ± 1 5V 




6.5 


10 


mA 



POSITION AMPLIFIER 



^strobe 


Enable voltage level 


VL(Sin(a)) * 







0.8 


V 


Vh (Sin (b)) * 


2.4 




+Vs 


V 


Vos 


Output offset voltage (pin 16) 


Vstrobe=VL; G^= 20 dB 






±50 


mV 


lb 


1 nput bias current (pin 1 5) 


Vstrobe= Vl 






0.3 


mA 


Vo 


Output voltage swing (pin 16) 


Vstrobe=VL;S2in(b);V3=±10.8V 


±9 






V 


Vr 


Residual output voltage (pin 16) 


Vstrobe= Vh 






± 20 


mV 



^ See block diagram and the note for Position Amplifier. 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



D/A 


CONVERTER 














Iref 


Current reference input range 
(pin 9) 




0.3 




1.2 


mA 


Vos 


Current reference offset voltage 
(pin 9) 


lref= 0.3 to 1.2 vnA 
All inputs high 






± 20 


mV 


'o 


Output current range (pin 12) 








1.4 


mA 


'o 


Output current (pin 12) 


lref= 0.722 mA 
SCI to SC5 = L 


SIGN = Ldoi) 


-1.358 


-1.4 


-1 .442 


mA 


SIGN = H (I02) 


+ 1.358 


+ 1.4 


+ 1.442 


Mo 


I0I + I02 


-21 




+21 


mA 


Linearity error 


lref= 0.722 mA 






1.61 


%FS 


"os 


Pin 12 output offset current 
(including Error Amplifier bias 
current) 


All inputs high 






±0.4 


juA 


Vl 


Lowvoltage level (digital inputs) 


SCI = LSB 
SC5 = MSB 







0.8 


V 


Vh 


High voltage level (digital inputs) 


2.4 




+Vs. 


V 


II 


Digital inputs current (low state) 


Vl= 0.4V 






-50 


mA 


Ih 


Digital inputs current (high state) 


Vh=+V3 






1 


mA 



ERROR AMPLIFIER 



Vqs Output offset voltage (pin 1 ) 


lref= 0.5 mA; All inputs high 
Gv= 40 dB 






± 200 


mV 


Iq Output current (pin 1) 








±5 


mA 


Vq Output voltage swing (pin 1 ) 


All inputs high 

SI in (b); Rl= 10 KH 


± 7.4 




±8.4 


Vp 
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D/A Converter 

The L291 contains a 5-bit D/A converter accepting a binary code and generating a bipolar output 
current, the polarity of which depends on the SIGN input. The amplitude of the output current is a 
multiple of a reference current l^ef ■ 
The maximum output current is 



31 
16 



I. 



The following table shows the value of Iq for different input codes. Note that the input bits are active 
low. 



DIGITAL INPUT WORD 


Output Current 
'o 


SIGN 


SC5 


SC4 


SC3 


SC2 


SCI 


L 
L 
X 
H 
H 


L 
H 
H 
H 

L 


L 
H 
H 
H 
L 


L 
H 
H 
H 
L 


L 
H 
H 
H 

L 


L 

L 
H 
L 
L 


31 , 
- 16 '^^^ 
1 , 
16 '^^^ 



+ — Iref 

16 '®^ 

+ 31 , 



X = indifferent 
L = low 
H = high 



This D/A converter has a maximum linearity error equal to ± 1/2 LSB (or ± 1.61% Full Scale); that gua- 
rantees its monotonicity. 

Error Amplifier 

In order to have a good stability, the Error Amplifier must work with a closed loop gain greater or equal 
than 20 dB. 

Position Amplifier 

It is inserted by means of the strobe signal, TTL and microprocessor compatible. Its output is connected 
to pin 16 when Vst^obe" Low; pin 16 is grounded for Vstrdbe" High. 

SYSTEM DESCRIPTION: refer to the L292 data sheet. 
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Fig. 1 - Complete application circuit 



FROM ENCCX)ER 



TO -s 10 

/u PROCESSOR W"" 
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LINEAR INTEGRATED CIRCUIT 



SWITCH-MODE DRIVER FOR DC MOTORS 

The L292 is a monolithic LSI circuit in 15-lead MULT I WATT® package. It is intended for use, together 
with L290 and L291, as a connplete 3-chip DC motor positioning system for applications such as car- 
riage/daisy-wheel position control in typewriters. 

The L290/1/2 system can be directly controlled by a microprocessor. The outstanding characteristics 
of the L292are: 



Driving capability: 2A, 36V, 30 KHz. 

2 Logic chip enable. 

External loop gain adjustment. 



— Single power supply (18 to 36V). 

— Input signal symmetric to ground. 

— Thermal protection. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Power supply 


36 


V 


V, 


Input voltage 


-15to+V3 


V 


Vjnhibit 


Inhibit voltage 


Oto Vs 


V 


Ptot 


Total power dissipation {Tcase= 75° C) 


25 


W 


Tstg 


Storage and junction temperature 


-40 to +150 


°C 



ORDERING NUMBER: L292 



MECHANICAL DATA 



Dimensions in mm 




6/82 
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CONNECTION DIAGRAM 

(top view) 



L292 




MOTOR 

Rs2 

INHIBIT(CEI) 

INH1BIT(CE2) 

OSCILL.(R) 

OSCILL.(C) 

OUTPUKERR.AMPL.) 

GND 

INPUKERR.AMPL.) 

INPUT 

OUTPUT C.S.A. 

COMP INPUT 

Ws 

Rsl 

MOTOR 



BLOCK DIAGRAM 




Di • D2 • D3 • D4 = High speed diodes (BYW 72 or equivalent) 



111 



L292 



THERMAL DATA 



Rth j-casei Thermal resistance junction-case 



°C/W 



ELECTRICAL CHARACTERISTICS (Tamb= 25°C, fosc= 20 KHz unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 




18 




36 


V 


Id 


Quiescent drain current 


Vs = 20V (offset null) 




30 


50 


mA 


Vos 


Input offset voltage (pin 6) 


Vs = 36V lo = 






±350 


mV 


Vinh. 


Inhibit low level (pin 12, 13) 








2 


V 


Inhibit high level (pin 12, 13) 




3.2 






V 


hnh. 


Low voltage condition 


Vinh. (L)= 0.4V 






-100 


mA 


High voltage conditions 


V,-„h. (H)=3.2V 






10 


juA 


Ij Input current (pin (6) 


V, = -8.8V 
V, = +8.8V 






-1.8 
0.5 


nnA 
mA 


Vj 


Input voltage (pin 6) 


Rsi= Rs2=0.2n 


lo=2A 




9.1 




V 


lo= -2 A 




-9.1 




V 


'o 


Output current 


V, = ±9.8V Rsi=Rs2= 0-2" 


±2 






A 


Vd- 


Total drop out voltage 


(inluding 

sensing 

resistors) 


lo=2A 






5 


V 


lo=1A 






3,5 


V 


Vrs 


Sensing resistor voltage drop 


Tj = 150°C lo=2A 






0.44 


V 


lo 
Vi 


Transconductance 


Rsl= Rs2= 0.2^ 


205 


220 


235 


mA/V 


Rsi= Rs2= OAn 




120 




mAA/ 


fosc 


Frequency range (pin 10) 




1 




30 


KHz 



TRUTH TABLE 



^inhibit 
Pin 12 Pin 13 



Output stage 
condition 



Disabled 

Normal operation 
Disabled 
Disabled 
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SYSTEM DESCRIPTION 

The L290, L291 and L292 are intended to be used as a 3-chip microprocessor controlled positioning 
system. These devices may be used separately - particularly the L292 motor driver - but since they will 
usually be used together, a description of a typical L290/1/2 system follows. 



Fig. 1 - System block diagram 




The system operates in two modes to achieve high-speed, high-accuracy positioning. 

Speed commands for the system originate in the microprocessor. It is continuously updated on the 

motor position by means of pulses from the L290 tachometer chip, which in turn gets its information 

from the optical encoder. From this basic input, the microprocessor computes a 5-bit control word 

that sets the system speed dependent on the distance to travel. 

When the motor is stopped and the microprocessor orders it to a new position, the system operates 

initially in an open-loop configuration as there is no feedback from the tachometer generator. Therefore 

maximum current is fed to the motor. As maximum speed is reached, the tachometer chip output backs 

off the processor signal thus reducing accelerating torque. 

The motor continues to run at top speed but under closed-loop control. 

As the target position is approached, the microprocessor lowers the value of the speed-demand word; 

this reduces the voltage at the main summing point, in effect braking the motor. The braking is applied 

progressively until the motor is running at minimum speed. 

At that time, the microprocessor orders a switch to the position mode, {strobe signal at pin 8 of L291) 

and within 3 to 4 ms the L292 drives the motor to a null position, where it is held by electronic 

"detenting". 
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SYSTEM DESCRIPTION (continued) 

The mechanical/electrical interface consists of an optical encoder which generates two sinusoidal signals 

90° out of phase (leading or lagging according to the motor direction) and proportional in frequency to 

the speed of rotation. The optical encoder also provides an output at one position on the disk which is 

used to set the initial position. 

The opto encoder signals, FTA and FTB are filtered by the networks R2 C2 and R3 C3 (referring to 

Fig. 4) and are supplied to the FTA/FTB inputs on the L290. 

The main function of the L290 is to implement the following expression: 

■ /-rA^..^v dV^A FTB dV^B FTA 

Output signal (TACHO)= -^^ • -y^=^ - -^ • ^^^ 

Thus the mean value of TACHO is proportional to the rotation speed and its polarity indicates the 

direction of rotation. 

The above function is performed by amplifying the input signals in Ai and A2 to obtain V^a and 

Vab (typ. 7 Vp). From Vaa and Vab the external differentiator RC networks R5 Cg and R4C4 give 

the signals V^a and V^b which are fed to the multipliers. 

The second input to each multiplier consists of the sign of the first input of the other multiplier before 

differentiation, these are obtained using the comparators Csi and Cs2- The muitiplier outputs, Csa and 

CsB. are summed by A3 to give the final output signal TACHO. The peak-to-peak ripple signal of the 

TACHO can be found from the following expression: 



The max value of TACHO is: 



V ripple p-p T~ ( V 2 - 1 ) 



Vtacho niax =—^ \f2 • Vthaco DC 



Using the comparators Ci and C2 another two signals from y ps,f\ and V^b are derived - the logic signals 

STA and STB. 

These signals are used by the microprocessor to determine the position by counting the pulses. 

The L290 internal reference voltage is also derived from Vaa and Vab- 

Vref = I Vaa I + I Vab I 

This reference is used by the D/A converter in the L291 to compensate for variations in input levels, 
temperature changes and ageing. 

The "one pulse per rotation" opto encoder output is connected to pin 12 of the L290 (FTF) where it is 
squared to give the STF logic output for the microprocessor. 

The TACHO signal and V^et are sent to the L291 via filter networks Rg Cg R9 and Rg C7 R7 respectively. 
Pin 12 of this chip is the main summing point of the system where TACHO and the D/A converter out- 
put are compared. 

The input to the D/A converter consists of 5 bit word plus a sign bit supplied by the microprocessor. 
The sign bit represents the direction of motor rotation. The (analogue) output of the D/A converter - 
DAC/OUT - is compared with the TACHO signal and the resulting error signal is amplified by the error 
amplifier, and subsequently appears on pin 1 . 
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SYSTEM DESCRIPTION (continued) 

The ERRV signal (from pin 1, L291) is fed to pin 6 of the final chip, the L292 H-bridge motor-driver. 
This input signal is bidirectional so it must be converted to a positive signal because the L292 uses a 
single supply voltage. This is accomplished by the first stage - the level shifter, which uses an internally 
generated 8V reference. 

This same reference voltage supplies the triangle wave oscillator whose frequency is fixed by the external 
RC network (R20' C17 - pins 1 1 and 10) where: 

^ - ^ (with R> 8.2 Kn) 



2RC 



The oscillator determines the switching frequency of the output stage and should be in the range 1 to30 

KHz. 

Motor current is regulated by an internal loop in the L292 which is performed by the resistors Rig, R19 

and the differential current sense amplifier, the output of which is filtered by an external RC network 

and fed back to the error amplifier. 

The choice of the external components in these RC network (pins 5, 7, 9) is determined by the motor 

type and the bandwidth requirements. The values shown in the diagram are for a 5i2, 5 mH motor. 

(See L292 Transfer Function Calculation in Application Information). 

The error signal obtained by the addition of the input and the current feedback signals (pin 7) is used 

to pulse width modulate the oscillator signal by means of the comparator. The pulse width modulated 

signal controls the duty cycle of the H-bridge to give an output current corresponding to the L292 

input signal. 

The interval between one side of the bridge switching off and the other switching on, r , is programmed 

by Ci7 in conjunction with an internal resistor R^ . 

This can be found from: 

T = Rt ' Cpjn 10- (Ci7 in the diagram) 

Since R^ is approximately 1.5 Kn and the recommended r to avoid simultaneous conduction is2.5MS 
Cpin 10 should be around 1.5 nF. 

The current sense resistors R^g and R^g should be high precision types (maximum tolerance ±2%) and 
the recommended value is given by: 



It is possible to synchronize two L292's, if desired, using the network shown in fig. 2. 
Fig. 2 



I L292 ^1^ I. L29/ I 

I TO n I I I 10 i ! I 




Finally, two enable inputs are provided on the L292 (pins 12 and 13-active low and high respectively). 
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SYSTEM DESCRIPTION (continued) 

Thus the output stage may be inhibited by taking pin 12 high or by taking pin 13 low. The output will 
also be inhibited if the supply voltage falls below 18V. 

The enable inputs were implemented in this way because they are intended to be driven directly by a 
microprocessor. Currently available microprocessors may generates spikes as high as 1.5V during power- 
up. These inputs may be used for a variety of applications such as motor inhibit during reset of the 
logical system and power-on reset (see fig. 3). 



Fig. 3 



L292_ 

CE2 CEl 
12 13 



Fig. 4 - Application circuit 



FROM ENCODER 
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APPLICATION INFORMATION 



This section has been added in order to help the designer for the best choise of the values of external 
components. 

Fig. 5 - L292 block diagram 



5ioa ,, 510 n 

:'i7nF 



^fI 



»oi k'^M" 




The schematic diagram used for the Laplace analysis of the system is shown in fig. 6. 
Fig. 6 



I LEVEL SHIFTER 



ERROR AMPLIFIER 



<> 



I PWM and Motorl 



CURRENT 
SENSING 
AMPLIFIER 



OlM 



Rsi = Rs2 = Rs (sensing resistors) 

— — = 0.005 ^"1 (current sensing amplifier transconductance) 
R4 

Lm = Motor inductance 

Rm = Motor resistance 

Im = Motor current 

Gmo= — vT^' — I _ n ^^^ transfer function from the input of the comparator (VyH)to the motor cur- 
Vth Is - 



'TH 



rent (Im))- 
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APPLICATION INFORMATION (continued) 

Neglecting the VcEsat o^ the bridge transistors and the VgE of the diodes: 



Gmo = -B TT^— where: Vj = supply voltage 

■^ ^ Vr= 8V (reference voltage) 



DC transfer function 

In order to be sure that the current loop is stable the following condition is imposed: 

1 +sRC = 1 + s -^ (pole cancellation) (2) 

from which RC = J^ (Note that in practice R must be greater than 5.6 Kn ) 

The transfer function is then, 



In DC condition, this is reduced to 

Am- (o) - ^2R4 . J_ ^ 0Q44 ._A_, , . 

V, ^°^ Ri R3 Rs Rs ^ V ^ ^^^ 

Open-loop gain and stability criterion 

For RC = L|vi/Rm' the open loop gain is: 

aR = ^ . G -5l_ ^F ^ ^mo Rs ^ (5) 

^ sRpC ""^ R4 l+sRpCp R4C s(1+sRfCf) 

In order to achieve good stability, the phase margin must be greater than 45° when |Aj8| = 1. 
That means that, at fp = — — ^—^ — , must be |A j3 | < 1 (see fig. 7), that is 

2 7T npCp 

27r RpCp 
Fig. 7 - Open-loop frequency response 
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APPLICATION INFORMATION (continued) 

Closed-loop system step response 
a) Small-signals analysis. 

The transfer function (3) can be written as follows: 
0.044 1 + 



Fig. 8 - Small signal step 
response (nornnalized ampli- 
tude vs. t/RpCp) 



IM 

V, 


(s) 


where: 


CO, 



2 ? cx^o 



1 + -^ 



2J_s_ 



2 



(7) 



-J 



R4C RpCp 



= / 



R4C 



4 RpCp G 



is the cutoff frequency 
is the dumping factor 



F^F ^mo "^s 













1 1 




















^-H^ 
















^ 






















/ 


/ 


/ 
















1 


/ 






















1 


/ 






















' / 
























1 























































































































By choosing the f value, it is possible to determine the system 
response to an input step signal. Examples: 



1) J= 1 from which 



Fig. 9 - Motor current and pin 7 voltage 
waveforms (application of fig. 5). Small 
signal response 



Im (t) = 



0.044 



[1-e 



2RfCf 



(1 + 



R3 ^ 4RfCf 

(where Vj is the amplitude of the Input step). 



)]-v, 



2)? 



1 
= — J= from wh ch 
V2 

,.„ =^54^,1 -cos ^^ 



2Rf<^f vw 
e )Vj 




V7 = 200mV/div. 
Im = 100mA/div. 
t = 100)us/div. 
with V, = 1.5 Vp. 

From fig. 9, it is possible to verify that the L292 works in "closed-loop" conditions during the entire 

motor current rise-time: the voltage at pin 7 (inverting input of the error amplifier) is locked to the 

reference voltage Vr, present at the non-inverting input of the same amplifier. 

The previous linear analysis is correct for this example. 

Decreasing the % value, the rise-time of the current decreases. But for a good stability, from relationship 

(6), the minimum value of % is: 



i: . = 

^ mm 



1 
2 VT 



(phase margin = 45°) 
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APPLICATION INFORMATION (continued) 

b) Large signal response 

The large step signal response is limited by slew-rate and inductive load. 

In this case, during the rise-time of the motor current, the L292 works in open-loop condition, as 

can be seen from the photograph of fig. 10. 



Fig. 10 - Motor current and pin 7 voltage waveforms 
(application of fig. 5) Large signal response. 



OV 



Vy = IV/dlv. 
Im = 0.5A/div. 
t = 500Ms/div. 



OA 




The voltage at pin 7 (inverting input of the error amplifier) departs from the reference voltage Vr 

present at the non-inverting input and the feedback loop is open. 

The fedback loop is on when the motor current reaches its steady-state value (2A). 



Closed loop system bandwidth 

A good choice for J is the value M\f2. In this case: 



V, 

The module of the transfer function is: 
Im . 0.044 



IfVL (s) = 0044 



1 + s RpCp 



l-^l 
V, 



!s 1 +2s RfCf + 2s2 Rp2Cf2 
2 x/l +Co2 Rf^Cf^ 



V[(1 +2coRfCf)2 + 1 ] • [ (1 -2a;RFCF)2 + 1 ] 



(8) 



(9) 



The cutoff frequency is derived by the expression (9) by putting | -tt^I = 0.707 (-3 dB), from which: 



a>T 



= 09 
RfCf 



fy 



= 0-9 
27r RfCf 
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APPLICATION INFORMATION (continued) 




Example: 

a) Data 



— Motor characteristics : L^ = 5 nnH 

Riyi = Brz 

Lm/Rm "^ 1 rnsec 

— Voltage and current characteristics: 

Vs= 20V Im = 2A 

— Closed loop bandwidth: 6 KHz. 



b) Calculation 



— From relationship (4): 
and from (1): 



R^ = ^^ V,= 0.2« 



2V, 



f"0 D \/ 



= 1 a~ 



— RC = 1 msec [ from expression (2) ]. 

— Assuming ^= 1/\/^ from (7) follows: 

t2 = 1_ = 200 C 
^ 2 

— The cutoff frequency is: 



4 RpCp • 0.2 



c) Summarising 



- RC= 1 • 10-3 sec 
_ 500 C ^ . 

RfCf 

- RpCp = 24iusec 



fT 



143.10-3 
RpCp 



6 KHz 



V, = 9.1V 



C= 47 nF 
R = 22 K^ 
For Rp = 5^0a ^ Cp = 47 nF. 



NOTE - For a more detailed description of tine L290-L291-L292 and its applications 
refer to SGS - TECHNICAL NOTES TN149 and TNI 50. 
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L293 
L293E 



LINEAR INTEGRATED CIRCUITS 



PUSH-PULL FOUR CHANNEL DRIVERS 



PRELIMINARY DATA 



The L293 and the L293E are monolithic integrated high voltage, high current four channel drivers in 

dual in-line plastic package with 16 leads and 20 leads respectively. They are designed to accept standard 

DTL or TTL input logic levels and drive inductive loads (such as relays, solenoids, DC and stepping 

nnotors) and switching power transistors. 

Both are provided of complementary push-pull output stage, two inhibit inputs (which disable two 

channels each), and an additional supply inputs so that the logic circuitry may run at a lower voltage to 

reduce power dissipation. 

In the L293E the emitters of the lower transistors of each push-pull stage are not internally grounded 

and the corresponding pins can be used for the connection of an external sensing resistor, making very 

easy switch-mode current control. 

The main features of the L293 and of the L293E are: 

— 1 A output current capability per channel 

— 2A peak output current (non-repetitive) per channel 

— Inhibit facility 

— Overtemperature protection 

— Logical ''0" input voltage up to 1.5V (high noise immunity). 

The devices are assembled in new packages which have the four central pins connected together and used 
for heatsinking and grounding. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


36 


V 


Vss 


Logic supply voltage 


36 


V 


V| 


Input voltage 


7 


V 


V,nh 


Inhibit voltage 


7 


V 


'out 


Peak output current (non-repetitive) 


2 


A 


Ptot 


Total power dissipation at Tground-pins= 80°C 


5 


W 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: 



L293B (16 leads) 
L293E (20 leads) 



MECHANICAL DATA 



Dimensions in mm 





\&i}J 




W 


8 


085^160 .1 


Ls^ 




^ 


m 


25A 


w^\ 


„ , , '7.78 





)S.iS"" 



r? n n .n n rt n n 



'u u U' u u u u a 



0^^ 



7.6 




2A.A3"^ 



I q n f;i p n q n 



' L I U U ' U ' U U ' U U WU 
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CONNECTION AND BLOCK DIAGRAM (L293) 

(top view) 



< Millie 
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CONNECTION AND BLOCK DIAGRAM (L293E) 

(top view) 
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SCHEMATIC DIAGRAM 




(19) 






©0 

(7) (8) (3)(A) 



© ® 

(2) (12) 



®© 

(U)(13) (18X17) 



(*) In the L293 these points are not externally available. They are internally connected to the ground {substrate). 
O Pins of L293 ( ) Pins of L293E 
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THERMAL DATA 



Rth j-case Thermal resistance junction-case 
Rth j-amb Thermal resistance junction-ambient 



max 14 °C/W 
max 80 °C/W 



ELECTRICAL CHARACTERISTICS (For each channel, Vs= 
unless otherwise specified) 



24V, Vss= 5V, Tarr,b= 25°C, 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 








36 


V 


Vss 


Logic supply voltage 




4.5 




36 


V 


Is 


Total quiescent supply 
current 


Vj = L lo = 


Vinh=H 




2 


6 


mA 


Vi = H lo = 


Vinh=H 




16 


24 


Vinh=L 






4 


Iss 


Total quiescent logic 
supply current 


Vi = L lo = 


Vinh=H 




44 


60 


mA 


Vi = H lo=0 


Vinh=H 




16 


22 


Vinh=L 




16 


24 


VjL 


Input low voltage 




-0.3 




1.5 


V 


VjH 


Input high voltage 


Vss < 7V 


2.3 




Vss 


V 


Vss > 7V 


2.3 




7 


liL- 


Low voltage input current 


Vj = L 






-10 


mA 


liH 


High voltage input current 


Vj = H 




30 


100 


mA 


VinhL 


Inhibit low voltage 




-0.3 




1.5 


V 


VinhH 


Inhibit high voltage 


Vss < 7V 


2.3 




Vss 


V 


.Vss>7V 


2.3 




7 


'inhL 


Low voltage inhibit current 






-30 


-100 


mA 


•inhH 


High voltage inhibit 
current 








± 10 


mA 


VcEsatH 


Source output saturation 
voltage 


lo = 1A 




1.4 


1.8 


V 


VcEsatL 


Sink output saturation 
voltage 


lo = -1A 




1.2 


1.8 


V 


VsENS 


Sensing Voltage 
(pins 4, 7, 14, 17) (**) 








2 


V 


tr 


Rise tinne 


0.1 toO.QVo (*) 




250 




ns 


tf 


Fall tinne 


0.9 to 0.1 Vo (*) 




250 




ns 


ton 


Turn-on delay 


0.5 VitoO.5 Vo(*) 




450 




ns 


toff 


Turn-off delay 


0.5 VjtoO.B Vo(*) 




200 




ns 



(*) See fig. 1. 

(**) Referred to L293E. 
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L293 
L293E 



TRUTH TABLE 



Vj (each channel) 


Vo 


Vinh. (°°) 


H 


H 


H 


L 


L 


H 


H 


X(°) 


L 


L 


X{°) 


L 



(°) High output impedance. 

(°° ) Relative to the considerate channel . 



Fig. 1 - Switching times 



^' 



\ 



Fig. 2 - Saturation voltage Fig. 3 - Source saturation 

vs. output current voltage vs. ambient tempe- 

...... rature ,,„, 



Fig. 4 - Sink saturation volt- 
age vs. ambient temperature 
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Fig. 5 - Quiescent logic 
supply current vs. logic 
supply voltage 
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Fig. 6 - Output voltage vs. 
input voltage 
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Fig. 7 - Output voltage vs. 
inhibit voltage 
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APPLICATION INFORMATION 



L293 



Fig. 8 - DC motor controls (with connection 
to ground and to the supply voltage) 



Fig. 9 - Bidirectional DC motor control 




|A,5,12,13 ' 



Vinh 


A 


Ml 


B 


M2 


H 


H 


Fast motor 
stop 


H 


Run 


H 


L 


Run 


L 


Fast motor 
stop 


L 


X 


Free running 
motor stop 


X 


Free running 
motor stop 




I 4,5,12,13 



INPUTS 


FUNCTION 


Vinh=H 


C = H; 


D = L 


Turn right 


C = L; 


D = H 


Turn left 


C =D 


Fast motor stop 


Vinh=L 


C = X; 


D = X 


Free running 
motor stop 



L= Low H = High X= Don't care 



L= Low H = High X= Don't care 



Fig. 10 - Bipolar stepping motor control 



i^^ 



13. 



I.,/ I,, --300m 



^ 
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.fe ,s^., 



1 



XT 




IT 



D1 -D8= 1N4001 
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L293 
L293E 



APPLICATION INFORMATION (continued) 

Fig. 1 1 - Stepping motor driver with phase current control and short circuit protection 



J[C2 JCI 
"TollpF "jlOOyuF 



Vi O 1 



VjO 



OV3 



2x1N4U8 
^011^012 




OV4 



D1 ^ D8 : 0.5A fast diodes (1N4001 or equivalent) 



NOTE - For a more detailed description of the L293/L293E and its applications, refer to 
SGS'TECHNICAL NOTE TN. 150. 
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MOUNTING INSTRUCTIONS 

The Rthj-amb of the L293 and the L293E can be reduced by soldering the GND pins to a suitable copper 
area of the printed circuit board or to an external heatsink. 

The diagram of fig. 13 shows the maximunn dissipable power P^ot and the Rthj-amb as a function of the 
side "^" of two equal square copper areas having a thickness of 35 jJL (see fig. 12). In addition, it Is pos- 
sible to use an external heatsink (see fig. 14). 

During soldering the pins temperature must not exceed 260°C and the soldering time must not be longer 
than 12 seconds. 
The external heatsink or printed circuit copper area must be connected to electrical ground. 



Fig. 12 - Example of P.C. board copper area 
which is used as heatsink 



COPPER AREA 35aj THICKNE55 




Fig. 13 - Max. dissipable 
power and junction to am- 
bient thermal resistance vs. 
size "9," 
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Fig. 14 - External heatsink mounting 
example (Rth=30°C/W) 




Fig. 15 - Maximum allow- 
able power dissipation vs. 
ambient temperature 
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L294 



LINEAR INTEGRATED CIRCUIT 



SWITCH MODE SOLENOID DRIVER 

The L294 is a monolithic Integrated circuit in an 11-lead iVIULTIWATT® package. It is particularly 
suited for solenoid driving,such as hamnners and needles in printers and computer hard-copy peripherals. 
The switch-mode control of the output current allows electromechanical actuators with high working 
speed to be driven (switch ON/swltch OFF time is very short) and to reduce the power dissipation com- 
pared to standard solutions. 

Furthermore, the L294 incorporates a diagnostic circuit with latched output which points out any mal- 
function (for instance electromagnet coil in short circuit). 
The L294 main features are: 

— high voltage operation (up to 50V) 

— high output current capability (up to 4 A) 

— low saturation voltage 

— fxP compatible input 

It also includes the following protections: 

— output short circuit to ground, to supply voltage and across the load 

— thermal shut down 

— load overdriving protection 

ABSOLUTE MAXIMUIVI RATING 



Vs 


Power suppty voltage 


50 


V 


Vss 


Logic supply voltage 


7 


V 


Ven 


Enable voltage 


7 


V 


Vi 


Input voltage 


7 


V 


Ip 


Peak output current (repetitive) 


4.5 


A 


Ptot 


Total power dissipation (at Tcase= 75°C) 


25 


W 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: L294 
MECHANICAL DATA 



Dimensions in mm 







6/82 
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CONNECTION DIAGRAM 

(top view) 
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Tab connected to pin 6 
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L294 



THERMAL DATA 



f^th j-case Thermal resistance junction-case 



°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V^ =40V, Vs^^BV, T3^b=25°C, 
unless otherwise specified). 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Power supply voltage (pin 1) 


Operative condition 


12 




46 


V 


Id Quiescent drain current (pin 1) 


Venable= H 




20 


30 


mA 


Vj>0.6V; Venable=L 




70 




Vss Logic supply voltage (pin 4) 




4.5 




7 


V 


Iss Quiescent logic supply current 


Vdiag=L 




5 


8 


mA 


DIAG output at high 
impedance 




10 


100 


juA 


Vj Input voltage (pin 7) 


Operating output 


0.6 






V 


Non-operative output 






0.45 


Ij Input current (pin 7) 


Vj > 0.6V 




-1 




mA 


Vj < 0.45V 




-3 




^ENABLE Enable input voltage (pin 9) 


Low level 


-0.3 




0.8 


V 


High level 


2.4 






Ienable Enable input current (pin 9) 


Venable= L. 






-100 


mA 


Venable= H 






100 


Ijoad/Vj Transconductance 


Rs=0.2n Vj = 1V 


0.95 


1 


1.05 


A/V 


Vi= 4V 


0.97 


1 


1.03 


^sat H Source output saturation 
voltage 


lp=4A 




1.7 




V 


^sat L Sink output saturation 
voltage 


lp=4A 




2 




V 


^sat H+^sat L Total saturation voltage 


lp=4A 






4.5 


V 


•leakage Output leakage current 


Rs= 0.212; Vj < 0.45V 




1 




mA 


K On time limiter constant (°) 


Venable= L 
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K^ 


Vdiag Diagnostic output voltage 
(pin 5) 


lDIAG=10mA 






0.4 


V 


Idiag Diagnostic leakage current 
(pin 5) 


Vdiag=40V 






10 


mA 


Vpin 8 OP AMP and OTA DC voltage 


Vpin 10= 100 to 800 mV 




5 






v/ gain ("") 
Vpin 10 


VsENS Sensing voltage (pin 10) (°°°) 








0.9 


V 



(°) After a time interval t^ax^ KC2, the output stages are disabled. 

(°°) See the block diagram. 

(°°°) Allowed range of Vsens without the intervention of the short circuit protection. 
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CIRCUIT OPERATION 

The L294 works as a transconductance amplifier: it can supply an output current directly proportional 

to an input voltage level (Vj). Furthermore, it allows complete switching control of the output current 

waveform (see fig. 1). 

The following explanation refers to the Block Diagram, to fig. 1 and to the typical application circuit of 

fig. 3. 

The tor, time is fixed by the width of the Enable input signal (TTL compatible): it is active low and 

enables the output stages "source" and "sink". At the end of ton, the load current lioad recirculates 

through D1 and D2, allowing fast current turn-off. 

The rise time t^ depends on the load characteristics, on Vj and on the supply voltage value (Vg, pin 1). 

During the ton time, Ijoad 's converter into a voltage signal by means of the external sensing resistance 

Rg connected to pin 10. This signal, amplified by the op amp and converted by the transconductance 

amplifier OTA, charges the external RC network at pin 8 (R1, CI). The voltage at this pin is sensed by 

the inverting input of a comparator. The voltage on the non-inverting input of this one is fixed by the 

external voltage V,- (pin 7). 

After tr, the comparator switches and the output stage "source" is switched off. The comparator output 

is confirmed by the voltage on the non-inverting input, which decreases of a constant fraction of V,- 

(1/10), allowing hysteresis operation. The current in the load now flows through D1 . 

Two cases are possible: the time constant of the recirculation phase is higher than R1.C1;the time 

constant is lower than R1.C1. In the first case, the voltage sensed on the non-inverting input of the 

comparator is just the value proportional to l|oad- ^^ the second case, when the current decreases too 

quickly, the comparator senses the voltage signal stored in the R1 CI network. 

In the first case tj depends on the load characteristics, while in the second case it depends only on the 

value of R1.C1. 

In other words, R1.C1 fixes the minimum value of ti (tj > 1/10 R1. CI. Note that CI should be chosen 

in the range 2.7 to 10 nF for stability reasons of the OTA). 

After ti, the comparator switches again: the output is confirmed by the voltage on the non-inverting 

input, which reaches Vj again (hysteresis). 

Now the cycle starts again: t2, t^. and Xq have the same characteristics as t^, while ta and tg are similar to 

tj. The peak current Ip depends on Vj as shown in the typical transfer function of fig. 2. 

It can be seen that for Vj lower than 450 mV the device is not operating. 

For Vj greater than 600 mV, the L294 has a transconductance of 1A/V with R^= 0.2n. For Vj included 

between 450 and 600 mV, the operation is not guaranteed. 

The other parts of the device have protection and diagnostic functions. At pin 3 is connected an external 

capacitor C2, charged at constant current when the Enable is low. 

After a time Interval equal to K • C2 (K is defined in the table of Electrical Characteristics and has the 

dimensions of ohms) the output stages are switched off independently by the Input signal. 

This avoids the load being driven in conduction for an excessive period of time (overdriving protection). 

The action of this protection is shown in fig. lb. Note that the voltage ramp at pin 3 starts whenever 

the Enable signal becomes active (low state), regardless of the Input signal. To reset pin 3 and to restore 

the normal conditions, pin 9 must return high. 

This protection can be disabled by grounding pin 3. 

The thermal protection included in the L294 has a hysteresis. 

It switches off the output stages whenever the junction temperature increases too much. After a fall of 

about 20°C, the circuit starts again. 

Finally, the device is protected against any type of short circuit at the outputs: to ground, to supply and 

across the load. 

When the source stage current is higher than 5A and/or when the pin 10 voltage is higher then IV (i.e. 

for a sink current greater than 1 V/Rg) the output stages are switched off and the device is inhibited. 

This condition is indicated at the open-collector output DIAG (pin 5); the internal flip-flop F/F changes 

and forces the output transistor into saturation. The F/F must be supplied independently through Vgg 

(pin 4), The DIAG signal is reset and the output stages are still operative by switching off the supply 
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L294 



CIRCUIT OPERATION (continued) 

voltage at pin 1 and then by switching the device on again. After that, two cases are possible: the reason 
for the "bad operation" is still present and the protection acts again; the reason has been removed and 
the device starts to work properly. 



Fig. 1 - Output current wavefornns 
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Fig. 3 - Test and typical application circuit 




Fig. 2 - Peak output current 
vs. input voltage 
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Fig. 4 - Output saturation 
voltages vs. peak output 
current 
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Fig, 5 - Safe operating areas 



Fig. 6 - Turn-off phase 
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CALCULATION OF THE SWITCHING TIMES 

Referring to the block diagram and to the waveforms of fig. 1, it is possible to calculate the switching 
times by means of the following relationships. 



t,= __ ,n(l- ^ 



where: V1 = V^ - V^atL - VsatH - Vr 



tf = 



V2 



Rl 



V2 + Rl- Io 



where: V2 = Vj + Vqi + Vd2 

lK<lo<lp 

Iq is the value of the load current at the end 
of ton . 



ti = t3 = ts = . 



t2 = U = tg = 



In 



0.9lp-Ri_+V3 where 



b) -Rl 01 In 0.9 ^ -^ 



Ip Rl + V3 V3 = VsatL + Vp^ens + Vpi 

R1 01 



L_ „ ( V1-lpR ^ 



Rl 



VI 



Note that the time interval tj = t3 = ts = . . . . takes the longer value between case a) and case b). The 
switching frequency is always: 



'switching 



1 



tl +t2 

In the case a) the main regulation loop is always closed and it forces: 

Ik= (0.9±S)lp where: S = 3% @ Vj = 1V 

S = 1 .5% @ Vj = 4V 

In the case b), the same loop is open in the recirculation phase and l^, which is always lower than 0.9 Ip, 
is obtained by means of the following relationship. 



tl Rl 



«K= 'P 



V3 



tl Rl 



(1-e 



With the typical application circuit, in the conditions Vg = 40V, Ip = 4A, the following switching times 
result: 



tr = 255 jUs 

a) 70 

b) 16 ms 



+ _ a) 70 us 

tl - UV ^o ... 



tf= 174 jUs @ lo= Ip 

t2= 29ius f= 10.2 KHz 
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LINEAR INTEGRATED CIRCUIT 



VERY LOW DROP 5V VOLTAGE REGULATOR 

• PRECISE OUTPUT VOLTAGE (5V + 2.5%) 

• VERY LOW DROPOUT VOLTAGE 

• OUTPUT CURRENT IN EXCESS OF 500 mA 

• POWER-ON, POWER-OFF INFORMATION (RESET FUNCTION) 

• +100/-100V LOAD DUMP PROTECTION 

• OVERVOLTAGE AND REVERSE VOLTAGE PROTECTIONS 

• SHORT CIRCUIT PROTECTION AND THERMAL SHUT-DOWN 

The L487 is a monolithic integrated circuit in Pentawatt package specially designed to provide a sta- 
bilized supply voltage for automotive and industrial electronic systems. Thanks to its very low voltage 
drop, in automotive applications the L487 can work correctly even during the cranking phase, when the 
battery voltage could fall as low as 6V. Furthermore, it incorporates a complete range of protection 
circuits against the dangerous overvoltages always present on the battery rail of the car. The reset 
function makes the device particularly suited to supply microprocessor based systems: a pulse is avail- 
able (after an externally programmable delay) to reset the microprocessor at power-on phase; at power- 
off, this pulse becomes low inhibiting the microprocessor. 

ABSOLUTE MAXIMUM RATIfSIGS 



Vj 


Forward input voltage 


30 


V 


Vi 


Reverse input voltage 


-18 


V 




Positive transient peak voltage (t = 300 ms) 


100 


V 




Negative transient peak voltage (t = 100 ms) 


-100 


V 


Top 


Operating junction temperature 


-40 to 150 


°C 


Tstg 


Storage temperature 


-55 to 150 


°C 



ORDERING NUMBER: L487B 
MECHANICAL DATA 



Dimensions in mm 
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LINEAR 

INTEGRATED 

CIRCUIT 



L296 



ADVANCE DATA 

HIGH CURRENT SWITCHING REGULATOR 

• 5.1V TO 40V OUTPUT 

• 4A OUTPUT CURRENT 

• UP TO 160W OUTPUT POWER 

• PROGRAMMABLE CURRENT LIMITER 

• SOFT START 

• RESET OUTPUT 

• PRECISE (±2%) ON-CHIP REFERENCE 

• VERY FEW COMPONENTS 

^ SWITCHING FREQUENCY TO 200 kHz 

> VERY HIGH EFFICIENCY (UP TO 90%) 

• THERMAL SHUTDOWN 

• REMOTE INHIBIT AND SYNC INPUT 

• CONTROL CIRCUIT FOR CROWBAR SCR 

The L296 is a monolithic power switching regulator delivering 4A at a voltage variable from 5.1V to 
40V in step down configurations. Features of the device include programmable current limiting, soft 
start, remote inhibit, thermal protection, a reset output for microprocessors and a synchronisation input 
for multichip configurations. The L296 is mounted in a 15-lead MULTIWATT plastic power package 
and requires very few external components. Efficient operation at switching frequencies up to 200 kHz 
allows a reduction in the size and cost of external filter components. A voltage sense input and SCR 
drive output are provided for optional crowbar overvoltage protection with an external SCR. 

ABSOLUTE MAXIMUM RATINGS 



Vi 


Input voltage 


50 V 


lo 


Output current 


internally limited 


Ir 


Reset output current 


50 mA 


Vr 


Reset output voltage 


50 V 


Vinh 


Inhibit voltage 


15 V 


Pd 


Power dissipation at Tease < 90°C 


20 W 


Ti 


Junction temperature range 


-25 to +150 °C 


Tstg 


Storage temperature range 


-65 to +150 °C 



ORDERING NUMBER: L296 
MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 




CROWBAR DRIVE 

RESET OUTPUT 

RESET DELAY 

RESET INPUT 

OSCILLATOR 

FEEDBACK INPUT 

FREQUENCY COMPENSATION 

GROUND 

SYNC. INPUT 

INHIBIT INPUT 

SOFT-START 

CURRENT LIMIT 

SUPPLY VOLTAGE 

OUTPUT 

CROWBAR INPUT 



BLOCK DIAGRAM 



SUPPLY 
VOLTAGE 
O 



I 



X 



SAWTOOTH 
OSCILLATOR 



CROWBAR 

INPUT CROWBAR 
Q QDRIVE 

CURRENT 




THERMAL 
SHUTDOWN 




5.1V 
REFERENCE 



100/jA 




RESET INPUT 
O 



RESET OUTPUT 
O 



Preset 

-p DELAY 



THERMAL DATA 



R 



th j-case 



Thermal resistance junction-case 



Rth j-amb Thermal resistance junction-ambient 



max 
max 



3 °C/W 
35 °C/W 
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PIN FUNCTIONS 



L296 



NAME 



FUNCTION 



CROWBAR INPUT 



Voltage sense input for crowbar overvoltage protection. 
Normally connected to the feedback input thus trig- 
gering the SCR when y^y^^ exceeds nominal by 20%. 
May also monitor the input and a voltage divider can be 
added to increase the threshold. Connected to ground 
when SCR not used. 



OUTPUT 



Regulator output. 



SUPPLY VOLTAGE 



Unregulated voltage input. An internal regulator powers 
the L296's internal logic. 



CURRENT LIMITER 



A resistor connected between this terminal and ground 

sets the current limiter threshold (1.5 to 5A). 

If this terminal is left unconnected the threshold will 

be5A. 



SOFT START 



Soft start time constant. A capacitor is connected bet- 
ween this terminal and ground to define the soft start 
time constant. This capacitor also determines the average 
short circuit output current. 



INHIBIT INPUT 



TTL — level remote inhibit. A logic high level on this 
input disables the L296. 



SYNC INPUT 



Multiple L296s are synchronised by connecting the sync 
inputs together and omitting the oscillator RC network 
on all but one device. 



GROUND 



Common ground terminal. 



FREOUENCY COMPENSATION 



A series RC network connected between this terminal 
and ground determines the regulation loop gain charac- 
teristics. 



FEEDBACK INPUT 



The feedback terminal of the regulation loop. The out- 
put is connected directly to this terminal for 5.1V oper- 
ation; it is connected via a divider for higher voltages. 



11 



OSCILLATOR 



A parallel RC network connected to this terminal deter- 
mines the switching frequency. This pin must be connec- 
ted to the sync input when the internal oscillator is used. 
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PIN FUNCTIONS (continued) 



NAME 



FUNCTION 



12 



RESET INPUT 



This input fixes the threshold of the reset signal gene- 
rator. It may be connected to the feedback point or via a 
divider to the input. 



13 


RESET DELAY 


A capacitor connected between this terminal and ground 
determines the reset signal delay time. 


14 


RESET OUTPUT 


Open collector reset signal output. This output is ON 
when the supply is safe. 


15 


CROWBAR OUTPUT 


SCR gate drive output of the crowbar circuit. 



CIRCUIT OPERATION 

The L296 is a monolithic stepdown switching regulator providing output voltages-from 5.1V to 40V and 
delivering 4A. 

The regulation loop consists of a sawtooth oscillator, error amplifier, comparator and the output stage. 
An error signal is produced by comparing the output voltage with a precise 5.1V on-chip reference 
(zener zap trimmed to ± 2%). This error signal is then compared with the sawtooth signal to generate 
the fixed frequency pulse width modulated pulses which drive the output stage. 

The precision and frequency stability of the loop can be adjusted by an external RC network connected 
to pin 9. Closing the loop directly gives an output voltage of 5.1V. Higher voltages are obtained by in- 
serting a voltage divider. 

Output overcurrents at switch on are prevented by the soft start function. The error amplifier output is 
initially clamped by the external capacitor Cg and allowed to rise, linearly, as this capacitor is charged by 
a constant current source. 

Output overload protection is provided in the form of a current limiter. The load current is sensed by an 
internal metal resistor connected to a comparator. When the load current exceeds a preset threshold this 
comparator sets a flip flop which disables the output stage and discharges the soft start capacitor. A 
second comparator resets the flip flop when the voltage across the soft start capacitor has fallen to 0.4V. 
The output stage is thus re-enabled and the output voltage rises under control of the soft start network. 
If the overload condition is still present the limiter will trigger again when the threshold current is 
reached. The average short circuit current is limited to a safe value by the dead time introduced by the 
soft start network. 

The reset circuit generates an output signal when the supply voltage exceeds a threshold programmed by^ 
an external divider. The reset signal is generated with a delay time programmed by an external capacito 
When the supply falls below the threshold the reset output goes low immediately. The reset output is an 
open collector. 

The crowbar circuit senses the output voltage and the crowbar output can provide a current of 100 mA 
to switch on an external SCR. This .SCR is triggered when the output voltage exceeds the nominal by 
20%. There is no internal connection between the output and crowbar sense input therefore the crowbar 
can monitor either the input or the output. 
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CIRCUIT OPERATION (continued) 

A TTL — level inhibit input is provided for applications such as remote on/off control. This input is 
activated by high logic level and disables circuit operation. After an inhibit the L296 restarts under con- 
trol of the soft start network. 

The thermal overload circuit disables circuit operation when the junction temperature reaches 150°C 
and has a hysteresis of 20°C. 

Fig. 1 - Reset output waveforms 
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Fig. 2 - Soft start waveforms 
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Fig. 3 - Current limiter waveforms 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Ta^^b^ 25°C unless otherwise 
specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vo 


Output voltage range 




5.1 




40 


V 


Vj 


Supply voltage range 




8 




50 


V 


'o max 


Output current 




4 






A 


loL 


Current limit 


Pin 4 open 




5 




A 


R,im=33Kn 




2.5 




A 


Vsat 


Output transistor saturation 
voltage 


lo= 4A 
lo = 2A 




2 
1.3 




V 
V 


u 


Switching frequency 


Rosc= 4.7 Kn Cosc= 2.2 nF 




100 




kHz 


Efficiency 


f = 100 KHz 

Vi = 35V Vo = 5.1V 

lo = 3A Vo = 12V 




75 
85 




% 
% 


Vo 


Line regulation 


Vj= 10 to 40V 

Vo = 5.1V lo = 2A 




20 




mV 


Vo 


Load regulation 


Vi=15V Vo = 5.1V 
lo = 2A to 4A 
lo = 0.5Ato4A 




10 
15 




mV 
mV 


SVR 


Supply voltage rejection 


f=100Hz 




60 




dB 


N^EF 


Internally reference voltage 


Vj = 8 to 50V 


5 


5.1 


5.2 


V 


VreF 


Average temperature coeff. 
of reference voltage 






0.2 




mV/°C 


hs 


Stoft start time 


Cs = 2.2iuF 




20 




ms 


'SH 


Output average current with 
short circuit output 




0.5 




A 


RESET 


SECTION 












Vrti 


Reset threshold voltage 
(pin 12) 


Vj = 8 to 50V 


-10% 


Vref 
-100mV 


+10% 


V 


Vrto 


Reset out low voltage 
(pin 14) 


Il= 16 mA 






0.2 


V 


Delay time (pin 13) 


Creset = 2.2iuF 




100 




ms 


CROWBAR SECTION 












Threshold voltage 
(pin 12) 




+12% 


Vref 
+20% 


+23% 






1 source 

Pin 15 
1 sink 






100 




mA 






5 




mA 


Delay time 






10 




MS 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


INHIBIT SECTION 


V||MHL Low input voltage 








1.2 


V 


ViNHH High input voltage 




2.2 






V 


I|NHL Input current with low input 
voltage 








100 


mA 


l|NHH Input current with high input 
voltage 








10 


mA 


ERROR AMPLIFIER SECTION 


Vq5 Input offset voltage 






2 




mV 


Iqs Input offset current 






25 




nA 


Ij3 Input bias current 






0.2 




mA 


Gy Large signal open loop gain 




60 






dB 


Out sink current 
1 






200 




ma 


Out source current 






200 




mA 
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Fig. 4 - Test circuit 
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Fig. 5 - P.C. board and component layout of the circuit of fig. 4(1:1 scale) 
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SELECTION OF COMPONENT VALUES 



L29& 



Component 


Recommended 
Value 


Purpose 


Allowed 
Min. 


Range 
Max. 


NOTE 


R1 
R2 


100 kn 


Reset 

sensing 

threshold 


- 


220 kn 


R1/Ro_ ^i min. 


V-r{pin12) 


R3 


4.7 kf2 


fo setting 


1 kn 


100 kn 






1 kn 








R^ - ""- 


R4 


^^^'" 50 mA 


R5 


15kn 


Frequency 
compensation 


10 kn 




See application note 
"Designing with the L296 
Power Switching Regulator", 


R6 
R7 


_ 
51 kn 


Voltage 
divider 


- 


51 kn . 


R6/R7= ^°-^-' 
^ref 


CI 


IOmF 


Stability 


ImF 






C2 


2.2 mF 


Reset delay 


1 mF 


4.7 juF 




C3 


2.2 nF 


fo setting 


1 nF 


3.3 nF 




C4 


2.2 juF 


Soft start 


ImF 


4.7 juF 




C5 


33 nF 


Frequency 
compensation 






See application note 
"Designing with the L296 
Power Switching Regulator". 


C6 


100 mF 


Output filter 






C7 


IOOmF 






LI 


300 juH 
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Fig. 6 - Efficiency vs.- out- 
put current 



Fig. 7 - Dissipated Power vs. 
output current (L296onlv) 
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Fig. 8 - Efficiency vs. out- 
put current 
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Fig, 9 - Efficiency vs. out- 
put voltage 















G« 


914 






























fo.Sd 


KHz 




^^ — 


^ ^ 






^ 


^ 


^ 












'/' 


r 














/ 

/ 






















V| =35V 
Io = 3A 

JiodeVSK 540(Schottky) 
JiodeVHEUOZ 








... 



















Fig. 10 - Operating fre- 
quency vs. R3 and C3 
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Fig. 11 - Power dissipation 
derating curve 
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Fig. 12 - Voltage sensing for remote load 
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Fig. 13 - Typical application 
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Vq = 5.1 to 15V 

Iq = 4A max. (min. load current = 100 mA) 

ripple < 20 mV 

load regulation (1A to 4A) = 10mV(Vo= 5.1V) 

line regulation (220V ± 15% and to lo = 3A) = 15 mV (V^ = 5.1V) 



Fig. 14 - Preregulator for distributed supplies 
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Fig. 15 - Multiple supply 
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DESIGNING WITH THE L296 
POWER SWITCHING REGULATOR 



The L296 Power Switching Regulator is a cost-effective replacement for hybrid switching 
regulators and can also be used in place of conventional series regulators to improve effi- 
ciency. This design guide presents application circuits for the L296 and useful design rules 
''nr the choice of support components. 



The L296 is a monolithic power switching regu- 
lator designed for use in stepdown configurations.lt 
supplies an output current up to 4A and an output 
voltage variable from 5.1V to 40V. In a single 
plastic-packaged chip it includes all the regulator 
control circuitry, a power stage handling. 160W 
and many special features that reduce the cost of 
external components. These features include soft 
start, programmable current limiting, remote 
inhibit, a reset output for microprocessors and an 
overvoltage protection circuit for use with an ex- 
ternal SCR. The device operates efficiently at fre- 
quencies to 200 kHz, reducing the size of the out- 
put filter components, and a zener-zap trimmed 
precise reference avoids the need for trimmers in 
most applications. The L296 is packaged in a 
15-lead Multiwatt plastic power package. 

Reducing the cost of switchmode supplies, the 
L296 can replace linear regulators in many applica- 
tions where switching techniques have been ex- 



cluded in the past for reasons. of cost. It also offers 
an alternative to more expensive hybrid switching 
regulators without sacrificing performance. 



OUTPUT VOLTAGE PROGRAMMING 

The output voltage can be varied from 5.1V to 
40V and is set by the divider connected between 
the output and the feedback input (R6 and R7 in 
figure 1). The divider ratio is given by: 



R6 



R7 



V 



ref 



{y^Qf is the reference voltage, nominally 5.1V). 
R7 should not be greater than 51 kn or the feed- 
back input leakage current will load the divider. 
For an output voltage of 5.1V the divider is 
omitted. 



Fig. 1 - Test and evaluation circuit of the L296. All the features are used in this circuit; components can 
be omitted in many applications. 
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CURRENT LIMIT SETTING 

A resistor connected to pin 4 sets the current 
limit threshold. If this resistor is omitted, and pin 4 
left open circuit, the limit threshold is 5A. The 
threshold can be varied from 0.5 to 4A. For a 
threshold of 2.5A the resistor is about 33 kI2. 



THE LC FILTER 

The LC filter converts the pulse output of the 
L296's power stage into a continuous output 
voltage with a superimposed ripple, AV. The in- 
ductor determines the voltage ripple on the capa- 
citor. 

The ripple AIl is generally chosen to be twice the 
minimum load current to avoid periods when the 
transistor and diode are both non-conducting. 

The formulae used to calculate LC as a function 
of AIl and AV are: 



C = 



Vo 


(Vi- 


-Vo) 


Vi 


f Al 


L 


Vo 


(Vi 


-Vo) 



8Lf2 AV 



For example, for the test circuit (figure 5) the LC 
filter was calculated from the following data: 



Vj = 35V 

AIl= 150mA 

AV = 3 mV 



f= 100 kHz 



Therefore L = 

and 

C = 



5 (35-5) 



35x100000x150x10"' 



-= 300 mH 



5 (35-5) 



- = 220iuF 



8x300x 1 0"' X ( 1 0Ox 1 0' ) ' x30x 1 0"' 

In practice the ripple depends on the quality of the 
filter capacitor. With standard components the 
ripple will be roughly twice the value implied by 
this calculation. In this example the actual ripple 
is about 5 mV. 

A multiple capacitor — two or more connected in 
parallel with a total capacity of C — is recom- 
mended. Smaller electrolytics have a lower induc- 
tance — important at high frequencies — and handle 
higher peak currents. 



When the switching frequency is at least ten times 
greater than the frequency at which the open loop 
gain is unity, the system can be approximated to a 
linear system. The PWM block can then be charac- 
terised as a linear block with gain independent of 
frequency. 

Compensating the system with a series RC network 
on the output of the error amplifier (pin 9), we 
obtain: 



Z = 



I + sRC 
sC 



Placing the zero introduced by the error amplifier 
at the resonance frequency of the LC output filter 
(cjq = 1/ V LC) we obtain the Bode plot shown in 
figure 2. 

The slope when it crosses the frequency axis at 
dB is roughly 40 dB/decade. In practice the LC 
filter contains parasitic elements which give a lower 
slope. 

The series resistance of the capacitor (ESR) Iw , 
troduces a zero at high frequencies, guaranteeing 
stability of the system. 

Fig. 2 - Bode plot of regulation loop. 

dB k 




DIODE 

The diode should be a fast type to avoid high 
current peaks in the output transistor. The choice 
is therefore between Schottky diodes and fast 
diodes with a Trr of less than 35 ns. 

These diodes cost roughly the same. The only signi- 
ficant difference Is the lower forward voltage of 
Schottky diodes. At low output voltages — around 
5V — a Schottky diode therefore improves the effi- 
ciency of the system. 



COMPENSATION AND STABILITY 

The system is non linear because the output stage 
operates in switchmode. However, in certain con- 
ditions the system can be represented as linear 
blocks. Delays are introduced by the output stage 
which can contribute to instability of the system. 



SWITCHING FREQUENCY 

The choice of switching frequency depends on the 
inductor chosen (a smaller inductor can be used at 
higher frequencies), the power dissipation and 
desired efficiency. It should not exceed 200 kHz 
or efficiency will be reduced; the lower limit is set 



only by the maximum acceptable dimensions of Fig. 4 - In multiple supplies several L296s can be 



the output filter. 

The chosen frequency is set by the RC network 
connected to pins 7 and 11 (OSC and SYNC). 
Suitable values can be found from the nomogram, 
figure 3. The capacitor must be in the range 1 nF — 
3.3 nF and the resistor in the range 1 kn to 
100 kn. 

Fig. 3 - Nomogram to find the values of the ^^^ 

oscillator components. 

f 

(KHz) 



synchronised as shown here to reduce 
interference on the ground plane. 
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SYNCHRONISATION 

When several L296s are used in a multiple supply 
the switching frequencies should be synchronised 
to avoid interference propagated on the ground 
plane. 

This is done by connecting the SYNC pins together 
and omitting the oscillator components on all but 
the first device. The OSC pins of the subsequent 
devices are left open, as shown in figure 4. 



LAYOUT 

in view of the high currents (5A peak) and fast 
risetimes involved, care is necessary in the printed 
circuit layout to avoid problems. In particular, the 
tracks connecting the L296 output, recirculation 
diode and LC filter must be short to reduce voltage 
drop and avoid stray coupling. 

It is also important to connect the input filter 
capacitor, the recirculation diode and output capa- 
citor to the same ground point. A separate ground 
should be used for the signal processing circuit 
grounds, connected to the power ground at the 
negative output terminal. 

Figure 5 shows a suitable layout for the test and 
evaluation circuit of figure 1. 

To guarantee good load regulation the two sensing 
terminals, pin 8 and 10, should be connected 
directly to the load as shown in figure 6. The two 
ten ohm resistors shown in this circuit are necessary 
to ensure that feedback will still be supplied to the 
L296 even when the sensing wires are disconnected. 



Fig. 5 - PC board layout for the test and evaluation circuit of figure 1. 
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Fig. 6 - When the load is some distance away this 
four wire connection should be used to 
ensure good regulation. 



divitler, to the unregulated input (figure 8). 
The internal threshold of the reset circuit is y^el ~ 
- 100 mV (roughly 5V). Therefore the divider for 
the second case is found from: 
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R2 should not exceed 200 kO. 

The reset output Is open collector and the nnaxl- 

munn allowed collector current is 50 mA. 



Fig. 8 - The reset circuit's sense input can be 
connected to the feedback point (a) or to 
the input via a divider (b). 
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SOFT START 

The soft start risetime is set by the capacitor on 
pin 5. This capacitor must be in the range 1 juF to 
4.7 mF; The suggested value, 2.2 /xF, gives a rise- 
time of 100 ms; the time for other values is easily 
calculated bearing in mind that the capacitor is 
charged by a 100 fxA constant current source 
(figure 7). Note that this capacitor also affects the 
average current in short circuit conditions. 



Fig. 7 - The soft start capacitor clamps the output 
of the L296's error amplifier and is 
charged by a 100 jjlA current source. 
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The inhibit input, pin 6, is TTL,NMOS and CMOS- 
compatible. It disables the L296 when high and 
must be connected to ground if not used. When 
the inhibit signal goes from high to low the circuit 
restarts softly. 



RESET CIRCUIT 

The reset circuit has three connections: the reset 
signal output, the sense input and a connection for 
the capacitor that sets the delay. 

The reset delay capacitor must be in the range 1 juF 
to 4.7 juF. A delay of about 100 ns given by the 
recommended value of 2.2 iif. 

The sense input, pin 1 4, may be connected directly 
to the feedback point (pin 10) or, with a suitable 



CROWBAR PROTECTION 

The crowbar overvoltage protection block has tWx 
connections: a voltage sense input and an SCR gate" 
drive output. The SCR is triggered when the 
voltage on the sense input exceeds the voltage 
reference by about 20%, i.e. the voltage sense 
input has a threshold of about 6V. 

Normally the sense input is connected directly to 
the feedback point, pin 10. It can, however, be 



used to monitor the Input voltage, adding a suitable 
voltage divider to set the threshold. 

The gate drive output supplies up to 100 nnA and 
connects directly to the gate of the SCR. The SCR 
nnust be able to withstand the peak discharge cur- 
rent of the output capacitor and the short circuit 
current of the device. 



HEATSINK 

The choice of heatsink depends on the power dissi- 
pated in the device and the desired operating junc- 
tion temperature. Figure 9 shows the power dissi- 
pation derating curves for typical heatsinks. 



Fig. 9 ■ 



Derating curve for pac/<age power dissi- 
pation. 



Silicone grease is often used to improve the contact 
thermal resistance. The grease should not be too 
thick or viscous — the thermal resistance may be 
worsened or the tab deformed. 

Care should also be taken when mounting the 
device on the heatsink. To avoid deforming the 
tab, which can affect reliability, the mounting 
screw should be tightened to roughly 8 kg/cm and 
the heatsink surface should have a planarity no 
worse than 20 jum. A washer on the screw helps 
spread the load on the tab and minimize distortion. 



RFI/EMI SUPPRESSION 

Electromagnetic interference generated by a high 
current switching regulatqr can affect sensitive 
circuitry. Metal shielding of the regulator is the 
simple solution. Since the L296 circuit is very 
compact the board can be housed in the L296's 
heatsink. 
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EFFICIENCY 

The efficiency of a complete regulator depends on 
many factors including the switching frequency, 
the recirculation diode, the input/output differen- 
tial, and the output current. 

In applications where very hjgh efficiency is re- 
quired, a lower switching frequency must be 
chosen. Efficiency is also improved by choosing an 
input voltage not too high. 



APPLICATION CIRCUITS 

Figure 10 shows a complete 5.1V - 15V/4A 
regulator. This circuit gives a ripple lower than 20 
mV, load regulation (about 3A) of 10 mV and line 
regulation of 15 mV (at 220V ± 15% in; 3A out). 
The crowbar protection is not used in this circuit. 
Note in particular the ground connections. 



Fig. 10 - A complete 5. 1-15V/4A supply. 
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A multiple supply, 5.1 V/15V/24V, is shown in 
figure 11. This example shows how several L296s 
can be synchronised and indicates suitable values 
for the voltage programming divider. 

Figure 12 shows a minimal 5.1V fixed regulator 
circuit. Using the 5A current limit default and 
omitting the crowbar gives an extremely low com- 
ponent count. Soft start still operates and the reset 



circuit can be used if a suitable collector load is 
connected to the reset output. 

The L296 is also useful as a preregulator in distri- 
buted supply systems (figure 13). With very low 
drop linear regulators on each card the overall 
efficiency of sych a system is very high. Recom- 
mended types are the L4800 series very low drop 
regulators or L7800 series standard regulators. 



Fig. 11 - A 5.1 V/15V/24V multiple supply. Note the synchonisation of the three L296s. 
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Fig. 12 - A minimal 5.1V fixed regulator. Very few components are required. 
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Fig. 13 - The L296 is also useful as a preregulator in distributed supply systems. Using low drop series 
regulators as shown in here, the overall efficiency is very high. 
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INTRODUCING THE L296: 

THE WORLD'S FIRST MONOLITHIC 

POWER SWITCHING REGULATOR 

Supplying 4A at 5.1V to 40V, the L296 power switching regulator challenges both costly 
'^vbrid switching regulators and the much less efficient high current linear regulators. This 
tide explains how the device operates and highlights its advantages. 



The key advantage of a switchmode regulator is 
high efficiency. In practical terms this means that 
very little power is dissipated in the supply so less 
power is consumed, a smaller transformer can be 
used, the supply is more compact and there is less 
heat to be dissipated. With all these benefits it's 
not surprising that more and more designers are 
turning to switchmode supplies — even for applica- 
tions traditionally the realm of linear regulators. 



But up to now high current switching regulators 
have always been realized with discrete compo- 
nents, an IC controller with external power transis- 
tors or hybrids — all of which are expensive solu- 
tions. 

The L296 offers a new alternative: a high power 
monolithic switching regulator. Combining a new 
ion-implanted bipolar process with power package 
know-how, SGS has packed a full-feature 4A/ 



Fig. 1 - With a few external components the L296 forms a very compact 4A/5.1 -40V switching regulator. 
Many of the components shown here may be omitted. 




5.1 -40V switching regulator onto a single chip. 
Further, since this chip is mounted in aMultiwatt® 
plastic package the cost-per watt is very low. 

Complenrienting the low cost of the device, the 
L296 is designed to mininnize the cost of external 
component support. This has been achieved in a 
number of ways. Firstly, the device is capable of 
operating at switching frequencies up to 200 kHz 
without sacrificing efficiency. Consequently, the 
output filter components — an inductor and a 
capacitor — can be very small and relatively ex- 
pensive. Second, as much as possible has been in- 
tegrated — all the standard power supply features 
are included on the chip and it even incorporates 
the load current sense resistor. Third, a high pre- 
cision zener-zap trimmed voltage reference elimin- 
ates the need for a trimmer in most applications. 
Finally, all the extra features are designed so that 
components can be omitted if the feature is not 
required. 

These features include soft start, programmable 
current limiting, thermal shutdown, remote inhibit, 
a reset output for microprocessors and a voltage 
sense/SCR driver circuit for crowbar overvoltage 
protection with an external SCR. 

The soft start circuit slows down the risetime of 
the output voltage when power is applied. It thus 
eliminates power-on transients which can damage 
sensitive components. An external capacitor sets 
the risetime so that it can be tailored to suit spe- 
cific requirements. 

Output current limiting protects the device from 
short circuits of the load and, since the limit 
threshold is adjustable, can be used to protect the 



load itself. The limit threshold- can be varied from 
0.5A to 5A with an external resistor. If this resistor 
is omitted the L296 assumes a limit of 5A, thus 
protecting itself. 

Intended for microprocessor systems, the reset 
circuit provides a logic signal when the output 
voltage is above a preset threshold. The threshold 
can be adjusted externally and the reset signal is 
delayed to prevent false starts. Coupled to the 
reset input of a micro, the signal inhibits operation 
whenever the supply is unsafe. 

The overvoltage protection circuit is of the crow- 
bar type and operates with an external SCR con- 
nected across the output. It provides direct gate 
drive for the SCR and has an external voltage 
sense input so that either the input voltage or 
output voltage can be monitored. 

The L296 is also protected by a thermal shutdown 
circuit which disables the output stage when tln^ 
junction temperature exceeds 150°C. Norr 
operation is restored when the temperature fa. 
below 130°C. 



TYPICAL CIRCUITS 

Figure 2 shows a regulator that uses all the features 
of the L296. Even in this example few external 
components are needed. This circuit delivers up to 
4A at a voltage set by the divider in the feedback 
loop. The current limit is adjusted by a resistor 
and the reset delay is set by a capacitor. Additio- 
nally, the reset threshold can be adjusted. The 
small size of this regulator can be judged from the 
photograph, figure 1. 



Fig. 2 - This application circuit uses all the features of the L296. 
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Taking away all the optional components gives the 
even sinnpler configuration of figure 3. This circuit 
provides 4A at 5.1V, soft start, thermal shutdown 
and current limiting with the default 5A threshold. 



The L296 is also ideal for use as a preregulator in 
distributed supply systems. Combined with low 
drop series regulators such as the L4800 series, an 
L296 gives extremely high efficiency plus very 
good regulation (figure 4). 



Fig. 3 - Many components can be omitted as shown here. This is a 4A/5. 1 V supply. 
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Fig. 4 - The L296 is ideal for use as a preregulator in distributed supply systems. Efficiency is very high 
and regulation is excellent. 
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LOOKING INSIDE 

Looking at the simplified block diagram, figure 5, 
the main regulation loop can be identified quite 
easily; it consists of a 5.1V reference, loop error 
amplifier, PWM modulator (sawtooth oscillator 

IS comparator), power stage and an external LC 

er. 

Voltage feedback from the output is compared 
with the 5.1V reference in the error amplifier. The 
output of this amplifier sets the threshold of the 
PWM comparator and thus controls the duty cycle 
of the switching pulses. These pulses drive the out- 
put stage, producing the desired output voltage 
with the help of the LC filter. If the output is con- 



c 



nected to the feedback point directly the regulated 
output voltage is 5.1V; a divider is added to the 
feedback loop to produce higher voltages. The loop 
gain characteristics can be adjusted by the external 
RC network, RgCg, to give the required stability, 
ripple rejection at twice the mains frequency and 
immunity against supply and load variations. 

The output of the oscillator is not connected in- 
ternally to the PWM comparator. This is done 
deliberately so that several L296s can be synchron- 
ised, avoiding interference and switching noise on 
the ground plane in multiple supplies. The SYNC 
pins of all the devices to be synchronised are con- 
nected together and only one is equipped with the 
oscillator components, as shown in figure 6. 



Fig. 5 - Simplified block diagram of the L296. 
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SWITCHING vs LINEAR 



How much do you gain? 

It's a well known fact that switching regulators are 
more efficient than linear types so the transformer 
and heatsink can be smaller and cheaper. But how 
mi^ch can you gain? We can estimate the savings 
by comparing equivalent linear and switching re- 
gulators. For example, suppose that we want a 
4A/5V supply. 



Linear 

For a good linear regulator the minimum dropout 
will be at least 4V at 4A. The minimum input 
voltage Js given b^: 



where V. 



^i min - ^O+^DROP + '/^ l/ripple 
/q T1 _ 4x8x10-^ 



ripple '- 



10x10- 



= 3.2V 



(a good approximation is 8 ms for fj (at mains 
frequency of 50 Hz) and 1000 llF for C, the filter 
capacitor after the bridge). 





Therefore 


1/j 


min 


s 


10.6V 


V i 












(min) _ 


^'^--^.^^^^ 


1 


-A^ 




-^- 













I ^ripple 



Since operation must be guaranteed even when the 
mains voltage falls 20%, the nominal voltage on 
load at the terminals of the regulator must be: 

V^^^ = _i:Lmin_ = 2a6_ ^ ^^^25V 



0.8 



0.8 



To allow even a small margin we have to chob^sc: 



The power that the series element must dissipate 
is therefore: 

^d = ^^nom - ^O^ /O = 36W 



Fig. 6 - Several L296s can be synchronised easily to avoid switching noise and save components. 
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SOFT START AND CURRENT LIMITING 

The soft start is produced by the diode, D, an ex- 
ternal capacitor, Css* ^^^ a constant current 
source. 
Vhen power is applied, after an inhibit, or after a 

Fig. 7 - Waveforms showing the soft start. 



current linnit, the voltage across Css is zero, 
clannping the error amplifier output to zero via the 
diode D. The capacitor is charged by the constant 
current generator, thereby allowing the error am- 
plifier output — and hence the output voltage — to 
rise (figure 7). 



NOMINAL 
ERROR AMP. 
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and the transformer must supply a power of: 

Pdiss= ^"^^4 = 56W 

It must therefore be dimensioned for: 
56 



i 



Pr^ = 



0.9 



= 62 VA 



and a heatsink will be necessary with a thermal 
resistance of: 

^th heats. = 0.8° C/W 



Switching (L296) 

Assuming the same nominal voltage (14V), the 
L296 data sheet indicates that the power dissipated 
in this case is only 7\A/. And this power is dissipated 
in two elements; the L296 itself and the recir- 
culation diode. 



It follows that the transformer must be roughly 
30 VA and the heatsink thermal resistance about 
11° CM 





Linear 


Switching 


Transformer 


62 VA 


30 VA 


Heatsink 


0.8 ""CAA/ 


irc/w 



This comparison shows that the L296 switching 
regulator allows a saving of roughly 50% on the 
cost of the transformer and an impressive 80-90% 
on the cost of the heatsink. Considering also the 
extra functions integrated by the L296 the total 
cost of active & passive components is roughly the 
same for both types. 

If for some reason it is necessary to use higher 
supply voltages the switching technique, and hence 
the L296, becomes even more advantageous. 



Current limiting is more complex and involves two 
comparators, a flip flop, an AND gate, an OR gate 
and the transistor Q.^. A comparator compares the 
output current, sensed by an on-chip metal resistor, 
with the limit threshold preset by an external 
resistor. 

As soon as the current tops the threshold, this com- 
parator switches, setting the flip flop which dis- 
ables the output stage and shorts the soft start 
capacitor via Q^. 

A second comparator resets the flip flop when the 
voltage across Css has fallen below 0.4V, re-en- 
abling the output stage. With the usual slow ramp, 
the output current rises again and if the cause of 
the excess current is still present the whole process 
is repeated. 

This cycle continues until the fault condition is 
removed (figure 8). Thanks to the dead time and 
the soft start ramp the average current in this con- 
dition is not high enough to damage the device. 

F/'g. 8 - Waveforms illustrating the action of the 
current linn iter. 
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ION-IMPLANTED ISOLATION 

The L296 is one of the first products to exploit an 



advanced bipolar process which allows the combi- 
nation of fast-switching high power devices and 
dense control circuitry on the same chip. One of 
the key features of this process is the use of a 
two-step ion-implantation technique to form the 
isolation wells. 

Normally this isolation is created by diffusing 
p-type impurities from above. The result is a 
bowl-like cross section which wastes silicon area 
(figure 9). Moreover, since prolonged high tempera- 
ture processing is needed to perform this diffusion, 
the n+ buried layer spreads, reducing the break- 
down voltage. 

In the new process a heavy p+ implant is made 
before the n- epitaxial collector growth, followed 
by a further implant from above. When the wafer 
is heated both implants diffuse, joining in the 
middle to create a narrow but deep isolation well 
(figure 10). Since high temperature processing is 
much reduced the n+ buried layer spreads verv 
little and the resulting NPN transistor has a brea' 
down voltage in excess of 50V. 
The narrower isolation results in an increased 
density, with minimal geometry transistors reduced 
to a compact 18 mil^. Speed is correspondingly 
increased. 

Teamed with the Multiwatt plastic package, this 
process allows the integration of complex devices 
handling in excess of 200W. Other devices already 
introduced include the L295 dual solenoid driver 
(220W), the L294 switchmode driver (180 W) and 
the L298 dual bridge driver (200 W). 



Fig. 9 - Diffusing the isolation from above gives the familiar bowl-shaped cross section which wastes 
spaces. 
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Fig. 10 - The above/below two-step implanted isolation is more compact and results in an increased n- 
thickness between base and buried layer, raising the breakdown voltage. 
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CONNECTION DIAGRAM (top view) 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V, = 14.4V, Ta^b= 25°C, unless 
otherwise specified) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vq Output voltage 


Iq = 5 mA to 500 mA 


4.80 


5 


5.20 


V 


Vj Operating input voltage 








28 


V 


AVq Line regulation 


Vj = 6to26V lo = 5mA 




5 




mV 


AVq Load regulation 


Iq = 5 to 500 mA 




15 




mV 


Vj-Vq Dropout voltage 


lo = 500 mA 




0.6 




V 


Id Quiescent current 


lo = mA 
lo = 150 mA 
lo= 500 mA 




5 

20 
100 




mA 


^Vq Temperature output 






0.5 




mVrc 


AT voltage drift 


SVR Supply voltage rejection 


lo = 350 mA f=120Hz 

Co = 10 ^F Vi = 12V±5Vpp 




60 




dB 


Isc Output short circuit 
current 






0.8 




A 


Vr Reset output voltage 


lR=16mA Vo< 4.75V 






0.8 


V 


1 R Reset output leakage 
current 


Vq in regulation 






50 


mA 


td Delay time for reset 
output 


Cd = 100 nF 




30 




ms 


Vrj Reset threshold 




4.75 


Vo-0.15 




V 


Vrji_| Threshold hysteresis 






10 




mV 



Fig. 1 - Timing diagram for reset function 
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LINEAR INTEGRATED CIRCUITS 



HIGH-VOLTAGE, HIGH-CURRENT 8 DARLINGTON ARRAYS 

These high-voltage, high-current Darlington transistor arrays comprise eight NPN Darlington on a 
common monolithic substrate. All units feature open collector outputs and integral suppression diodes 
for inductive loads. Peak currents of 500 mA can be withstood. They are pinned with inputs opposite 
outputs to facilitate circuit board layout. 

— The L601 is a general-purpose array wich may be used with DTL, TTL, PMOS, CMOS, etc. 

— The L602 is specifically designed for use with 14 to 25V PMOS devices. Each input has a Zener 
diode and resistor in series in order to limit the input current to a safe value. 

— The L603 has a series base resistor to each Darlington pair, and thus allows operation directly with 
TTL or CMOS operating at a supply voltage of 5V. 

— The L604 has a series base resistor to each Darlington pair, and thus allows operation directly with 
PMOS or CMOS utilizing supply voltage of 6 to 15V. 

In all cases, the individual Darlington collector current rating is 400 mA. However, outputs may be paral- 
leled for higher load current capability. The devices are supplied in a 18-lead dual in-line plastic package 
with copper frame. 



ABSOLUTE MAXIMUM RATINGS 



VcEX 


Collector emitter voltage (input open) 


90 


V 


'c 


Collector current 


0.4 


A 


Ir. 


Collector peak current 


0.5 


A 


V| 


Input voltage (for L602, L603 and L604) 


30 


V 


li 


Input current (for L601 only) 


25 


mA 


Plot 


Total power dissipation a Tamb^' 25°C 


1.8 


W 


Top 


Operating junction temperature 


-25 to 150 


°C 


Tstg 


Storage temperature 


-55 to 150 


°C 



ORDERING NUMBERS: L601B, L602B, L603B, L604B 
MECHANICAL DATA 



Dimensions in mm 
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-►I OCOM 



7 



EACH DRIVER 



—J OOUT 

i 

I 



L602 



INO f — *- 



EACH DRIVER 




>l OCOM 



^ OOUT 



L603 



INO f 



<■ 1 OOUT 




L604 



EACH DRIVER 



>l OCOM 



Hi 1 OOUT 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 70 °C/W 



ELECTRICAL CHARACTERISTICS (Tamb= 25°C, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


'cEX Output leakage current 


VcE=90V 






10 


mA 


VcE(sat) Collector emitter saturation 
voltage 


lc= 300 mA Ib=500mA 
lc= 200 mA 1b=350juA 
lc= 100 mA Ib=250juA 






2 

1.7 
1.2 


V 
V 
V 


hpE DC forward current gain 
(L601 only) 


VcE=3V lc= 300 mA 


1000 






- 


Vj Minimum input voltage 
(ON condition) 


VcE=3V lc= 300 mA 
for L602 
for L603 
for L604 






11.5 
2.5 
2.5 


V 
V 
V 


Vj Maximum input voltage 
(OFF condition) 


VcE=90V Ic=25mA 
for L601 
for L602 
for L603 
for L604 


0.55 

7 

0.75 

1 






V 
V 
V 
V 


1 R Clamp diode reverse current 


Vr=90V 






50 


JuA 


Vp Clamp diode forward voltage 


If= 300 mA 




2 


2.4 


V 


ton Turn-on delay 


0.5 Vj to 0.5 Vq 




0.4 




jUS 


toff Turn-off delay 


0.5 Vj to 0.5 Vo 




0.4 




MS 



141 



L702 



LINEAR INTEGRATED CIRCUIT 



QUAD DARLINGTON SWITCH 

• SUSTAINING VOLTAGE: MIN. 70V 

• 2A OUTPUT 

• HIGH CURRENT GAIN 



The L 702 is a monolithic integrated circuit for high current and high voltage switching applications. 
It comprises four darlington transistors with common emitter and open collector, suitable for current 
sinking applications, mounted on the new Powerdip and Multiwatt packages. 

This circuit reduces components, sizes and costs; it can provide direct interface between low level logic 
and a variety of high current applications. 



ABSOLUTE MAXIMUM RATINGS 



VcEX 


Collector-emitter voltage (input open) 


90 


V 


V, 


Input voltage 


30 


V 


Ic 


Collector current 


2 


A 


Ic 


Collector peak current (repetitive) 


3 


A 


Pto, 


Total power dissipation at Tpj^ 9 to le < 90°C \ po^^rdip 
Total power dissipation at Tamb "^ 70°C ' 


4 


W 




1.1 


W 




Total power dissipation at Tease ^ 90°C Multiwatt 


20 


W 


Tstg 


Storage temperature 


-55 to 150 


°C 


Tj 


Operating junction temperature 


-25 to 150 


°C 



ORDERING NUMBER: L 702B - Powerdip 
L702N - Multiwatt 



MECHANICAL DATA 



Dimensions in mm 





^ 


T.ter 




r 


ass^ieo . 


m 




Ih 


Q^ 


2,54 


,27ma. 


1 ■ ' 17.78 





B^S"^' 



p n .n n n n n, nj 
'u u'u lH I 




PoWerdip 




Multiwatt 
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CONNECTION DIAGRAMS (top view) 



L7^ 







5-34»0 


B1 


1 


16 ] 


B2 1 


2 




CI 1 


3 




C2 1 


U 




C3| 


5 




ca[ 


6 




B3| 


7 


10 ] 


B4| 


8 


9 1 



GND 




THE TAB IS CONNECTED TO PIN 6 



Powerdip 



Multiwatt 



SCHEMATIC DIAGRAM (each Darlington) 



3Aon 
BO— CZ>-f 




* OGND 



THERMAL DATA 



R 



th j-amb 
^th j-pins 9/16 
'th j-case 



Thermal resistance junction ambient \ 

Thermal resistance junction pins 9 to 16 / 
Thermal resistance junction-case 



Powerdip 
Multiwatt 



max 70 °C/W 
max 14 °C/W 
max 3 °C/W 
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ELECTRICAL CHARACTERISTICS {Tcase= 25°C unless otherwise specified) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


'cEX Output leakage current 


VcE= 90V 




10 


50 


iuA 


VcE (sust) Collector emitter {°) sustaining 
voltage 


lc = 100 mA 


70 






V 


VcE (sat) Collector emitter saturation 
voltage 


lc= 1.25A 
lj = 2mA 




1.3 


1.9 


V 


hpE DC forward current gain 


lc=1A 
VcE=3V 


1000 


4000 






Ij Input current 


Vi= 3.75V 
Vj = 2.4V 
open collector 




7 
3 


11 
6 


mA 
mA 


Vj Input voltage off condition 


VcE=70V lc< 0.1mA 






0.4 


V 


on condition 


VcE= 3V \c> 1A 


2.4 






V 


ton "'""''" °" t'f^® 


Vs= 12V 
R|_=10 12 




0.3 




JUS 


toff Turn off time 




1 




MS 



(°) Pulsed: pulse duration = 300 jus, duty cycle = 1 .5%. 



Fig. 1 - Switching time 




Fig. 2 - ton 3"^^ toff test circuit 




Fig. 3 - Peak collector cur- 
rent vs. duty cycle and num- 
ber of outputs{L702B only) 



OVo^ ^ 



IclA) \\ \ 1 1 1 1 


M V T,,b=70°C 




\rr K '■'°°"' 


15 -\A \ 


-4 U S 


W^ ^ 


AA ^ ^^ 


Vs^ X s 


V^^ "^s^l 


^s^K ^s '^-*-, 


^s^^^^v, ^- 


^S^^ ^^^ T 


^O^ ^^3. 




^*^=»-^^"^-.«= 


A ""■"■ — -i 







10»/. 30'/. 50V. 70'/. D(V. ) 
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Fig. 4 - Collector emitter 
saturation voltage vs. col- 
lector current 
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Fig. 7 - Safe operating areas 
{L702B) 
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Fig. 5 - Collector current 
vs. input voltage 
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Fig. 8 - Safe operating areas 
(L702N) 
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Fig. 6 - Input current vs. 
input voltage 
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Fig. 9 - DC current gain vs. 
collector current (*) 



iilj 102 



































— 




























"CE- 












































































/ 


\ 


















/ 


/ 






i 














/ 




j 




\ 












































































































/ 




























































[ 






















1 ■i''ll!| 

_j ': 111:1 






















1 

I 



10^ Vce(V) 



Fig. 10 - Stepping motor buffer 




Pulse width = 300 ms, duty cycle 1 .5%. 
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L^OS 
L2NS 
L2610 



LINEAR INTEGRATED CIRCUITS 



PRELIMINARY DATA 



POSITIVE VOLTAGE REGULATORS FOR AUTOMOTIVE 



OUTPUT VOLTAGE OF 5, 8.5 AND 10V 

OUTPUT CURRENT UP TO 500 mA 

NO EXTERNAL COMPONENTS 

LOW DROP-OUT VOLTAGE 

LOAD DUMP VOLTAGE SURGE PROTECTION 

REVERSE VOLTAGE PROTECTION 

SHORT CIRCUIT PROTECTION 

CURRENT LIMITING 

THERMAL SHUTDOWN 



The L2600 series of three therminal positive regulators is specially designed to stabilize power supplies 
for car instrumentation in vehicles with 12V battery. They can supply an output current up to 500 mA. 

ABSOLUTE MAXIMUM RATINGS 



Vi 


DC input voltage 




35 V 


Vi 


DC input reverse voltage 




-28 V 


Vri 


Positive transient peak voltage (t = 40 ms, duty cycle = 


= 1%) 


120 V 


Vd 


Negative transient peak voltage (t = 30 ms, duty cycle = 


-- 1%) 


-90 V 


'op 


Operating temperature 




-40 to 150 °C 


Tstc 


Storage temperature 




-65 to 150 °C 


°tot 


Power dissipation 




Internally limited 



ORDERING NUMBERS: 



L2605V 
L2685V 
L2610V 



(Vo=5V) 

(Vo=8.5V) 

(Vo=10V) 



MECHANICAL DATA 



Dimensions in mm 





10,4™* 


1 r 




^(^ 


: 




3.85 , 


M 




___:. 1 


3.7S- :.x^ 


i, 






Vl 










, 2.5A 

%m 
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M 

4jm 



CONNECTION AND BLOCK DIAGRAMS 

(top view) 



o 



> OUTPUT 



Z) GROUND 
13 INPUT 



S- 2568/1 




THERMAL DATA 



*thj-case 



Thermal resistance junction-case 



4 °C/W 



ELECTRICAL CHARACTERISTICS {T3 



^25°) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vo 


Output voltage 


lo= 500 mA 


Vi = 12to16V{L2605) 
Vi= 12to16V(L2685) 
Vj = 12to16V (L2610) 


4.8 
8.15 
9.55 


5 

8.5 
10 


5.2 
8.85 
10.45 


V 


Vj 


Operating input voltage 


see note (°) 






28 


V 


AVo 


Line regulation 


lo=50mA Vj = 12to16V 




2 




mV 


AVo 
Vo 


Load regulation 


Vj= 14V lo = 50 to 500 mA 




0.3 




% 


AVi.o 


Dropout voltage 


lo= 500 mA 






1.8 


V 


AVo 

AT 


Output voltage 
drift 


lo=50mA Vj = 14V 
Tamb = -12to80°C 




-1 




mV/oC 


'sc 


Output short 
circuit current 


Vj= 14V 




900 




mA 


SVR 


Supply voltage 
rejection 


Vj =16V AVj = 2V 
f= 100Hz lo = 500mA 




60 




dB 


Ro 


Output resistance 


lo= 500mA 




0.05 




n 


Gn 


Output noise voltage 


BW= 100Hz to lOKHz 




20 




mV 



(°) Note: For a DC input voltage 28V < V, < 35V the device is not operating 
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LINEAR INTEGRATED CIRCUIT 



PRELIMINARY DATA 

PRINTER SOLENOID DRIVER 

The L3654 is a printer solenoid driver containing ten open-collector driver outputs and a ten-bit serial- 
in, parallel-out shift register. 

Data is clocked into the shift register serially and transferred to the open-collector outputs by an enable 
Input. Serial input data is loaded by the rising edge of the clock. A serial output from the tenth bit is 
provided which changes at the falling edge of the clock. This output is not controlled by the enable 
input and remains active at all time. 

Output stages are inhibited when the logic supply voltage falls below 6V. 

Each output is rated at 250 mA (sink) and is clamped to ground internally at 50V to dissipate stored 
energy in inductive loads. 

The L3654 is supplied in a 16 lead dual in-line plastic package, and its main fields of application com- 
prise thermal printers, cash registers and printing pocket calculators. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


9.5 


V 


Vi 


Input voltage 


9.5 


V 


Ve 


External supply voltage 


45 


V 


lo 


Output current (single output) 


0.4 


A 


«g 


Ground current 


4.0 


A 


Ptot 


Total power dissipation (Tamb= 70°C) 


1 


W 


Tstg/Tj 


Storage and junction temperature 


-65 to 150 


°C 



ORDERING NUMBER: L3654 B 



MECHANICAL DATA 



Dimensions in mm 




Ml 



QA 



75 



U' u u u u u u 
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CONNECTION DIAGRAM 

(top view) 







KJ 


OUTPUT ENABLE 1 [ 




OUTPUT 6 


2{ 




OUTPUT 7 


3| 




OUTPUT 8 


A 




OUTPUT 9 


sf 




OUTPUT 10 


6[ 




DATA OUTPUT 


7I 




GND 


8[ 





]l6 Vs 

]l5 OUTPUT 5 

]lA OUTPUT 4 

]l3 OUTPUT 3 

]l2 OUTPUT 2 

)l1 OUTPUT 1 
]lO DATA INPUT 

]9 CLOCK 



LOGIC DIAGRAM 



V^,^ OUTPUT i. f\^ r 
EN ENABLE ^^^ 1 C 


2 3 4 5 6 7 

p 6 6 6 

11 12 13 K 15 2 3 


OUTPUT 
8 


S 

9 

c 


1 
c 

5 


"0 

p 

6 


SENSE 

r 1 

V CLOCK ArXoiJ\^_ 


^-> 




L->J 


i D a — 

CLOCK 
10 


t> 






CLOCK 
1 ^ 


CLOCK 

1 — ^ 


- 


^^•^INPUT ^ K>^ 


1^ 










1 D a 


'''>o — OVdo 

X^ DATA 

*^ OUTPUT 




5- 501 











THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 80 °C/W 
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L3654 



ELECTRICAL CHARACTERISTICS (Vs= 8.5V, Vss= 30V, Tamb= 0° to 70°C, unless otherwise 
specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




7.5 




9.5 


V 


Is Supply current 


Tamb=25°C 
Vs = 9.5V 


Ven=OV; Vdo=OV 




27 


40 


mA 


Ven=2.6V 

lo = 250 mA (each bit) 




55 


70 


mA 


Vg; External operating supply 
voltage 








40 


V 


l|gal< Output leakage current 
(each output) 


Vss= 40V Ven= OV 






1 


mA 


V2 Internal clamp voltage 


lz = 0.3A Ven=OV 


45 


50 


65 


V 


VcE sat Output saturation voltage 


lo = 250 mA Ven=2.6V 






1.6 


V 


Vdi Input logic levels 
VcLK (pins 1,9,10) 
Ven 


Low State (L) 






0.8 


V 


High state (H) 


2.6 






Idi Data input current 


Vd,= 2.6V 


Tamb=70°C 


0.3 


0.57 




mA 


Tamb= 0°C 




0.57 


0.75 


VorlV Ta^b=70°C 




220 




mA 


'CLK Clock input current 


VcLK= 2.6V 


Tamb=70°C 


0.2 


0.33 




mA 


Tamb= 0°C 




0.33 


0.5 


VcLK=1V Tanib=70°C 




125 




mA 


'en Enable input current 


Ven=2.6V 


Tamb= 70°C 


0.2 


0.33 




mA 


Tamb= 0°C 




0.33 


0.5 


Ven=1V T3^b=70°C 




125 




mA 


R|isj Input pull-down resistance 
Clock input 


Tamb=25°C Vclk < Vs 




8 




Kn 


Enable input 


Tamb=25°C V^^ < Vs 




8 




Data input 


Tamb=25°C V^, < V^ 




4.5 




Vdo Output logic levels 
(pin 7) 


Low state (L) 

VorOV lDo(P'n7)=0 




0.01 


0.5 


V 


High state (H) 

Vdi=2.6V 

Ido <P'" 7) =-0.75 mA 


2.6 


3.4 




V 


Rdo Output pull-down 
resistance (pin 7) 


Vdi=OV Vdo=1V 




14 




Kn 
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Fig. 1 - Timing diagram 

Ven - 



tENCLK ^CLK ^CLK ^ BIT 

^^ 1 



^ SET-UP^ 



1 



X 



Vdo 



X 



r\ 



m 



ELECTRICAL CHARACTERISTICS (see fig. 1 and the section ' 


definition of terms") 




Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Clock, data and enable input 

tCLK 




4 






MS 


tcLK 




5.5 






tSET-UP 




1 






tHOLD 




3 






Clock to enable delay 

tCLK EN 




2tBIT 








Enable to clock delay 

^EN CLK 




teiT 








Data output delay 

tpDH' tpDL 


RL=5Kr2, Cl<10pF 




0.8 


2.5 


MS 


Output delay 

tpDEL 






3 




)US 


tpDEH 






3.5 




Output rise time 


Rl= 100 n, Cl< 100 pF 




1.2 




MS 


Output fall time 


Rl= 100 n, Cl< 100 pF 




1.2 




MS 


Vdo '''se time 






0.4 




MS 


Vdo ^3" ^'"^^ 






0.4 




MS 
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13854 



DEFINITION OF TERMS 

Vss : External power supply voltage. The return for open-collector relay driver outputs. 

Vdi/ Vqli^, Ven : The voltages at the data, clock and enable inputs respectively. 



tcLK 
tcLK 
^HOLD 



SET-UP 



The voltage at data output. 

Period of the incoming clock. 

The portion of tgix when Vqlk ^ 2.6V. 

The portion of teir when Vqlk ^ 0.8V. 

The time following the start of t^LK required to transfer data within the shift register. 

The time prior to the end of tcLK required to insure valid data at the shift register input 
for subsequent clock transitions. 
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LINEAR INTEGRATED CIRCUITS 



L7800 
Series 



3-TERMINAL POSITIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT UP TO 1.5A 

• OUTPUT VOLTAGES OF 5; 6; 8; 12; 15; 18; 20; 24V 

• THERMAL OVERLOAD PROTECTION 

• SHORT CIRCUIT PROTECTION 

• OUTPUT TRANSISTOR SOA PROTECTION 

The L7800 series of three-terminal positive regulators is available in TO-220 and TO-3 packages and 
with several fixed output voltages, making it useful in a wide range of applications. These regulators can 
provide local on-card regulation, eliminating the distribution problems associated with single point 
regulation. Each type employs internal current limiting, thermal shut-down and safe area protection, 
making it essentially indestructible. If adequate heat sinking is provided, they can deliver over 1 A out- 
put current. Although designed primarily as fixed voltage regulators, these devices can be used with ex- 
ternal components to obtain adjustable voltages and currents. 



ABSOLUTE MAXIMUM RATINGS 



V, 


DC input voltage (for Vq = 5 to 18V) 


35 V 




(for Vo = 20, 24V) 


40 V 


lo 


Output current 


internally limited 


Ptot 


Power dissipation 


internally limited 


Top 


Operating junction temperature (for L7800) 


-55 to +150 °C 




(for L7800C) 


to +150 °C 


Tstg 


Storage temperature 


-65 to +150 °C 



MECHANICAL DATA 



Dimensions in mm 




\ OUTPUT - -^ 




m^. I 









ol 






...n 






:'":■'" '[ 








,1 


IT^" 




^ t- 


30S3M 



TO-3 
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L7800 
Series 



CONNECTION 

(top views) 



DIAGRAMS AND ORDERING NUMBERS 




Type 


TO-220 


TO-3 


Output voltage 


L7805 





L 7805T 


5V 


L 7805C 


L 7805CV 


L 7805 CT 


5V 


L7806 


— 


L 7806T 


6V 


L 7806C 


L 7806 CV 


L 7806CT 


6V 


L7808 


— 


L 7808T 


8V 


L 7808C 


L 7808 CV 


L 7808CT 


8V 


L7812 


— 


L7812T 


12V 


L7812C 


L7812CV 


L7812CT 


12V 


L7815 


— 


L7815T 


15V 


L7815C 


L7815CV 


L7815CT 


15V 


L7818 


— 


L7818T 


18V 


L7818C 


L7818CV 


L7818CT 


18V 


L7820 


— 


L 7820T 


20V 


L 7820C 


L 7820CV 


L 7820CT 


20V 


L7824 


— 


L 7824T 


24V 


L 7824C 


L 7824CV 


L 7824CT 


24V 



BLOCK DIAGRAM 



INPUT 
























SERIES 

PASS 

ELEMENT 




OUTP 


lO 








! 


[ 




























CURRENT 
GENERATOR 




SOA 
PROTECTION 










1 
















STARTING 
CIRCUIT 




REFERENCE 
VOLTAGE 




ERROR 
AMPLIFIER 






































■■ 


























THERMAL 
PROTECTION 


(\ 




































1 


GND 

-^3 
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SCHEMATIC DIAGRAM 




TEST CIRCUITS 



Fiq. 1 - DC parameters Fig. 2 - Load regulation 



Fiq. 3 - Ripple rejection 



X 



"]a33'pF 



'^~^ 



3 Co 

0.1/uF 




n r^ 


J_ 




„„ 


2 . n 






Ji 




1o.33;l 


F 


3 


■p.. 


120Hz 


A70wF 




5- 





THERMifl 


^L DATA 




TO-220 


TO-3 


Rth j-case 
Rth j-amb 


Thermal resistance iunction-case 
Thermal resistance junction-ambient 


max 
max 


3°C/W 
50 °C/W 


4°C/W 
35 °C/W 
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L7800 
Series 



ELECTRICAL CHARACTERISTICS L 7800 (Refer to the test circuits, Tj= -55 to 150°C, 
Iq = 500 mA, C, = 0.33 flP, Co= 0.1 jUF unless otherwise specified) 





OUTPUT 


VOLTAGE 


5 


6 


-' - - -' - 

8 


12 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


10 


11 


14 


19 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 


Tj= 25° C 


4.8 5 5.2 


5.75 6 6.25 


7.7 8 8.3 


11.5 12 12.5 


V 


lo= 5 mA to lA 
Pq < 1 5W 


4.65 5 5.15 
(Vj= 8 to 20V) 


5.65 6 6.35 

(Vj=9to 21V) 


7.6 8 8.4 
(Vj= 11.5 to 23V) 


11.4 12 12.6 
(Vj= 15.5 to 27V) 


AVo 


Line 
regulation 


Tj=25°C 


50 
(Vj=7to25V) 


60 

(Vi=8to25V) 


80 
(Vj= 10.5 to 25V) 


120 
(Vj= 14.5 to 30V) 


mV 


25 

(Vj=8to 12V) 


30 
(Vi=9to 13V) 


40 
(Vi= 11 to 17V) 


60 
(Vi= 1&to22V) 


AVo 


Load 
regulation 


Tj= 25° C 
io=5mAto 1.5A 


100 


100 


100 


120 


mV 


Tj=25°C 

lo= 250 to 750 mA 


25 


30 


40 


60 


Id 


Quiescent 
current 


Tj=25°C 


6 


6 


6 


6 


mA 


Aid 


Quiescent 

current 

change 


lo=5mA to 1A 


0.5 


0.5 


0.5 


0.5 


mA 


0.8 
(Vi= 8 to 25V) 


0.8 
(Vj=9to25V) 


0.8 
(Vj=11.5to25V) 


0.8 
(Vj= 15 to 30V) 


AVo 

AT 


Output 
voltage 
drift 


lo=5mA 


0.6 


0.7 


1 


1.5 


mV/°C 


Bn 


output 

noise 

voltage 


B= 10Hz to lOOKHz 
Tj= 25° C 


40 


40 


40 


40 


wv 

Vo 


SVR 


Supply 
voltage 
rejection 


f = 120 Hz 


68 

(Vi=8to18V) 


65 

(Vj=9to 19V) 


62 

(Vi=1 1.5 to 21.5V) 


61 

(Vj= 15 to 25V) 


dB 


Vd 


Dropout 
voltage 


lo= 1A 
Tj= 25°C 


2 2.5 


2 2.5 


2 2.5 


2 2.5 


V 


Rq 


Output 
resistance 


f = 1 KHz 


17 


19 


16 


18 


mn 


'sc 


Short 
circuit 
current 


Vi= 35V 
Tj= 25° C 


0.75 1.2 


0.75 1.2 


0.75 1.2 


0.75 1.2 


A 


'scp 


Short 
circ. peak 
current 


Tj= 25° C 


1.3 2.2 3.3 


1.3 2.2 3.3 


1.3 2.2 3.3 


1.3 2.2 3.3 


A 
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ELECTRICAL CHARACTERISTICS L 7800 (continued) 





OUTPUT 


VOLTAGE 


15 


18 


20 


24 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


23 


26 


28 


33 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 


Tj= 25= C 


14.4 15 15.6 


17.3 18 18.7 


19.2 20 20.8 


23 24 25 


V 


lo= 5 mA to 1 A 
Pq < 15W 


14.25 15 15.75 
(V|= 18.5 to 30V) 


17.1 18 18.9 
(Vr 22 to 33V) 


19 20 21 
(Vj=24to35V) 


22.8 24 25.2 
(Vi=28to38V) 


^Vo 


Line 
regulation 


Tj = 25= C 


150 
(Vi= 17.5 to 30V) 


180 
(Vi=21 to 33V) 


200 
(Vi= 22.5 to 35V) 


240 
(Vj=27to38V) 


mV 


75 
(Vj=20to26V) 


90 
(V|=24to30V) 


100 
(Vi=26to32V) 


120 
(Vi=30to36V) 


AVo 


Load 
regulation 


Tj=25'C 

lo= 5 mA to 1.5A 


150 


180 


200 


240 


mV 


Tj= 25° C 

lo= 250 to 750 mA 


75 


90 


100 


120 


Id 


Quiescent 
current 


Tj= 25° C 


6 


6 


6 


6 


mA 


Aid 


Quiescent 

current 

change 


lo= 5 mA to 1A 


0.5 


0.5 


0.5 


0.5 


mA 




0.8 
(Vi= 18.5 to 30V) 


0.8 
(V|=22to33V) 


0.8 
(Vi= 24 to 35V) 


0.8 
(Vi= 28 to 38V) 


AVq 

AT 


Output 
voltage 
drift 


lo= 5 mA 


1.8 


2.3 


2.5 


3 


mV/°C 


Bn 


output 

noise 

voltage 


B= 10Hz to lOOKHz 
Tj= 25" C 


40 


40 


40 


40 


mV 
Vo 


SVR 


Supply 
voltage 
rejection 


f = 120Hz 


60 
(Vi = 18.5 to 28.5V) 


59 

(Vr 22 to 32V) 


58 

(Vj=24to35V) 


56 

(Vj=28 to38V) 


dB 


Vd 


Dropout 
voltage 


lo=1A 
Tj= 25° C 


2 2.5 


2 2.5 


2 2.5 


2 2.5 


V 


Ro 


Output 
resistance 


f = 1 KHz 


19 


22 


24 


28 


mfi 


Isc 


Short 
circuit 
current 


Vi= 35V 
Tj= 25° C 


0.75 1.2 


0.75 1.2 


0.75 1.2 


0.75 1.2 


A 


Iscp 


Short 
circ. peak 
current 


.Tj= 25° C 


1.3 2.2 3.3 


1.3 2.2 3.3 


1.3 2.2 3.3 


1.3 2.2 3.3 


A 
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L7800 
Series 



ELECTRICAL CHARACTERISTICS L 7800C (Refer to the test circuits, T, = to 125°C, 
lo = 500 mA, C, = 0.33 ixf, Cq = 0.1 nF unless otherwise specified) 





OUTPUT 


VOLTAGE 


5 


6 


8 


12 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


10 


11 


14 


19 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 


Ti=25=C 


4.8 5 5.2 


5.75 6 6.25 


7.7 8 8.3 


11.5 12 12.5 


V 


lo=5mAto 1A 
Pq < 15W 


4.75 5 5.25 
(Vi=7 to20V) 


5.7 6 6.3 

(V|=8to21V) 


7.6 8 8.4 

(Vj= 10.5 to 25V) 


11.4 12 12.6 
(Vj= 14.5 to 27V) 


AVo 


Line 
regulation 


Tj=25-~C 


3 100 
(Vi=7 to25V) 


120 

(V|=8 to25V) 


160 
(Vi= 10.5 to 25V) 


240 

(V|= 14.5 to 30V) 


mV 


1 50 
(Vi=8 to 12V) 


60 
(Vj= 9 to 13V) 


80 
(Vj= 11 to 17V) 


120 
(V|= 16 to 22V) 


AVo 


Load 
regulation 


Tj=25°C 

io= 5 mA to 1.5A 


100 


120 


160 


240 


mV 


Tj=25°C 

lo= 250 to 750 nnA 


50 


60 


80 


120 


Id 


Quiescent 
current 


Tj= 25' C 


8 


8 


8 


8 


mA 


Aid 


Quiescent 

current 

change 


lo= 5 mA to 1A 


0.5 


0.5 


0.5 


0.5 


mA 




1.3 
(Vi= 7 to 25V) 


1.3 

(Vi=8to25V) 


1 
(Vi= 10.5 to 25V) 


1 
(Vj= 14.5to30V) 


AVo 

AT 


Output 
voltage 
drift 


lo= 5 mA 


-1.1 


-0.8 


-0.8 


-1 


mV/°C 


bn 


Output 

noise 

voltage 


B= 10Hz to lOOKHz 
Tj= 25"C 


40 


45 


52 


75 


juV 


SVR 


Supply 
voltage 
rejection 


f = 120 Hz 


62 

(Vi=8to 18V) 


59 

(Vi=9to 19V) 


56 
(V|=1 1.5 to 21.5V) 


55 

(Vi= 15 to 25V) 


dB 


Vd 


Dropout 
voltage 




2 


2 


2 


2 


V 


Ro 


Output 
resistance 


f = 1 KHz 


17 


19 


16 


18 


mn 


'sc 


Short 
circuit 
current 


Vi= 35V 
Tj=25°C 


750 


550 


450 


350 


mA 


'scp 


Short 
circ. peak 
current 


Tj = 25° C 


2.2 


2.2 


2.2 


2.2 


A 
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ELECTRICAL CHARACTERISTICS L 7800C (continued) 





OUTPUT 


VOLTAGE 


15 


18 


20 


24 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


23 


26 


28 


33 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. 


Typ. Max. 


Min. Typ. Max. 


Min. 


Typ. Max. 


Vo 


Output 
voltage 


Tj=25°C 


14.4 15 15.6 


17.3 


18 18.7 


19.2 20 20.8 


23 


24 25 


V 


lo= 5 mA to 1A 
Pq < 15W 


14.25 15 15.75 
(Vi= 17.5 to 30V) 


17.1 

(Vj = 


18 18.9 
= 21 to 33V) 


19 20 21 
(V|= 23 to 35V) 


22.8 

(Vj = 


24 25.2 
= 27 to 38V) 


AVo 


Line 
regulation 


Tj= 25° C 


300 
(Vi= 17.5 to 30V) 


(Vp 


360 
= 21 to 33V) 


400 
(Vi= 22.5 to 35V) 


(V-, 


480 
= 27 to 38V) 


mV 


150 
(Vj= 20 to 26V) 


(Vp 


180 
= 24 to 30V) 


200 
(V|=26to32V) 


<Vi 


240 
= 30 to 36V) 


AVq 


Load 
regulation 


Tj= 25° C 

lo= 5 mA to 1.5A 


300 


360 


400 


480 


mV 


Tp 25° C 

lo= 250 to 750 mA 


150 


180 


200 


240 


"d 


Quiescent 
current 


Tj=25°C 


8 


8 


8 


8 


mA 


Aid 


Quiescent 

current 

change 


1(5= 5 mA to 1A 


0.5 


0.5 


0.5 


0.5 


mA 




1 
(Vi= 17.5 to 30V) 


(Vr 


1 
= 21 to 33V) 


1 
(Vj=23to35V) 


(Vj 


1 
1 
= 27 to 38V) 


AVo 

AT 


Output 
voltage 
drift 


lo=5mA 


-1 


-1 


-1 


-1.5 


mV/°C 


sn 


Output 

noise 

voltage 


B= 10Hz to lOOKHz 
Tj=25°C 


90 


110 


150 


170 


mV 


SVR 


Supply 
voltage 
rejection 


f= 120 Hz 


54 


53 


52 


50 


dB 


Vd 


Dropout 
voltage 


lo=1A 


2 


2 


2 


2 


V 


Ro 


Output 
resistance 


f = 1 KHz 


19 


22 


24 


28 


mn 


'sc 


Short 
circuit 
current 


Vi=35V 
Tj = 25°C 


230 


200 


180 


150 


mA 


'scp 


Short 
circ. peak 
current 


Tj = 25° C 


2.1 


2.1 


2.1 


2.1 


A 
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Fig. 4 - Dropout voltage vs. 
junction temperature 
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Fig. 5 - Peai< output current 
vs. input/output differential 
voltage 
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Fig. 6 - Supply voltage 
rejection vs. frequency 
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Fig. 7 - Output voltage vs. 
junction temperature 
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Fig. 8 - Output impedance 
vs. frequency 
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Fig. 9 - Quiescent current 
vs. junction temperature 
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response response vs. input voltage 
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APPLICATION INFORMATION (continued) 
Fig. 13 - Fixed output regulator 



+ V|0 — f — 



ixx - — t— 






Notes: 

(1)To specify an output voltage, substitute voltage 
value for "XX". 

(2) Although no output capacitor is needed for sta- 
bility, it does improve transient response. 

(3) Required if regulator is located an appreciable 
distance from power supply filter. 



Fig. 14- Costant current regulator 
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Fig. 15 - Circuit for increasing output voltage 



I Fig. 16 -Adjustable output regulator (7 to 30V) 




Vo=Vxx <l + ^)+'d R2 
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Fig. 17-0.5 to 10V regulator 



Fig. 18 - High current voltage regulator 
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APPLICATION INFORMATION (continued) 

Fig. 19 - High output current with short 
circuit protection 



Q1 =BD53A 
Q2 = 2N612A 



O.IajfT 



Fig. 21 - Split power supply {±15V - 1A) 
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Against potential latch-up problems 



Fig. 20 - Tracking voltage regulator 
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Fig. 22 - Negative output voltage circuit 
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Fig. 23 - Switching regulator 



p?n — P 

IjAjn Ma7oq _[. 

J 1 /; I . ' F 

mF 



"plas/uF 



^ 



Fig. 24 - High input voltage circuit 
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APPLICATION INFORMATION (continued) 
Fig. 25 - High input voltage circuit 



Fig. 26 - High output voltage regulator 
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Fig. 27 - High input and output voltage 



Fig. 28 - Reducing power dissipation with 
dropping resistor 
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Fig. 29 - Remote shuntdown 
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APPLICATION INFORMATION (continued) 



Fig. 30 - Power AM modulator (unity voltage 
gain, 1^ < 1A) 



VjO — f 



L78XX 



-OV, vx 



^Vb- 



Note: The circuit performs well up to 100 KHz. 



Fig. 31 - Adjustable output voltage with tem- 
perature compensation 




Note: Q2 is connected as a diode in order to 
compensate the variation of the Qi 
Vbe with the temperature. C allows a 
slow rise-time of the Vq 

Vo=Vxx(1 + ^)+Vbe 

"1 



Fig. 32 - Light controllers (V^ ^(0= Vxx + Vbe) 
(a) 



(b) 





Vq falls when the liqht qoes up 



Vq rises when the light goes up 



Fig. 33 - Protection against input short-cir- 
cuit with high capacitance loads 



:i 



X 



Applications with high capacitance loads and an 
output voltage greater than 6 volts need an external 
diode (see fig. 33) to protect the device against 
input short circuit. In this case the input voltage 
falls rapidly while the output voltage decreases 
showly. The capacitance discharges by means of the 
Base-Emitter junction of the series pass transistor 
in the regulator. If the energy is sufficiently high, 
the transistor may be destroyed. The external diode 
by-passes the current from the IC to ground. 
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LINEAR INTEGRATED CIRCUITS 



L78M00 
Series 



PRELIMINARY DATA 



3-TERIVIINAL POSITIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT UP TO 0.5A 

• OUTPUT VOLTAGES OF 5; 6; 8; 12, 15; 18; 20; 24V 

• THERMAL OVERLOAD PROTECTION 

• SHORT CIRCUIT PROTECTION 

• OUTPUT TRANSISTOR SOA PROTECTION 

The L78M00 series of three-terminal positive regulators is available in TO-220 package and with several 
fixed output voltages, making it useful in a wide range of applications. These regulators can provide local 
on-card regulation, eliminating the distribution problems associated with single point regulation. Each 
type employs internal current limiting, thermal shut-down and safe area protection, making it essentially 
indestructible. If adequate heat sinking is provided, they can deliver over 0.5A output current. Although 
designed primarily as fixed voltage regulators, these devices can be used with external components to 
obtain adjustable voltages and currents. 



ABSOLUTE MAXIMUM RATINGS 



Vi 


DC input voltage (for Vq = 5 to 18V) 


35 V 




(for Vo = 20, 24V) 


40 V 


lo 


Output current 


Internally limited 


Ptot 


Power dissipation 


Internally limited 


Tstp 


Storage temperature 


-65 to +150 °C 


Top 


Operating junction temperature 


to +150 °C 



MECHANICAL DATA 



Dimensions in mm 
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Series 



CONNECTION DIAGRAM AND ORDERING NUMBERS 

(top view) 




Ordering Numbers 


Output Voltage 


L78M05CV 


5V 


L78M06CV 


6V 


L78M08CV 


8V 


L78M12CV 


12V 


L78M15CV 


15V 


L78M18CV 


18V 


L78M20CV 


20V 


L78M24CV 


24V 



BLOCK DIAGRAM 
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PROTECTION 










1 
















STARTING 
CIRCUIT 




REFERENCE 
VOLTAGE 




ERROR 
AMPLIFIER 




































i 


























THE 


RMAL 
CTION 


n 










PROTE 




























1 


GND 

-03 



166 



L78M00 
Series 



SCHEMATIC DIAGRAM 




TEST CIRCUITS 



Fig. 1 - DC parameters Fig. 2 - Load regulation 



Fig. 3 - Ripple rejection 



0.33/uF ! O.lyuF 







L78MXX 


? 








= 




1 




^ 


V, 


0.3 3^/ 


F 


' 


2f 



.1- 


> — o 


c>- 


^4 






}■--■ 




' 


^^- 



A 



w-^ 


1 


L78MXX 


-2- 


r^ 


/\ 


"To.33yL 


F 


3 


1 


f: 




/.70/uF 




S-4984 




120H? 


hP 















THERMAL DATA 



Rth j-case Thermal resistance junction-case 
Rth j-amb Thermal resistance junction-ambient 



max 3 °C/W 

max 50 °C/W 
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ELECTRICAL CHARACTERISTICS L78M00C(Referto the test circuits,Tj= 25°C, !„= 350mA 
unless otherwise specified, C, = 0.33 nf, Cq = 0.1 nf) 





OUTPUT 


VOLTAGE 


5 


6 


8 


12 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


10 


11 


14 


19 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 




4.8 5 5.2 


5.75 6 6.25 


7.7 8 8.3 


11.5 12 12.5 


V 


lo= 5 to 350 mA 


4.75 5 5.25 
(Vi= 7 to 20V) 


5.7 6 6.3 
(Vj=8to21V) 


7.6 8 8.4 
(Vj= 10.5 to 23V) 


11.4 12 12.6 
(Vj= 14.5 to 27V) 


AVo 


Line 
regulation 


lo=200nnA 


100 
(Vi= 7 to 25V) 


100 
(Vj=8to25V) 


100 
(Vj= 10.5 to 25V) 


100 
(Vi= 14.5 to 30V) 


mV 


50 
(Vj=8to25V) 


50 
(Vi=9to25V) 


50 
(Vj= 11 to 25V) 


50 
(Vj= 16 to 30V) 


AVo 


Load 
regulation 


lo= 5 mA to 0.5A 


100 


120 


160 


240 


mV 


lo= 5 mA to 200 mA 


50 


60 


80 


120 


Id 


Quiescent 
current 




6 


6 


6 


6 


mA 


Aid 


Quiescent 

current 

change 


lo=5 mA to 350 mA 


0.5 


0.5 


0.5 


0.5 




lo= 200 mA 


0.8 
(Vi= 8 to 25V) 


0.8 
(Vi=9to25V) 


0.8 
(Vj= 10.5 to 25) 


0.8 
(Vi= 14.5 to 30V) 


mA 


AVo 

AT 


. Output 
Voltage 
drift 


lo= 5 mA 
Tj=Oto 125°C 


-0.5 


-0.5 


-0.5 


-1.0 


mV/°C 


sn 


Output 

noise 

voltage 


B= 10Hz to lOOKHz 


40 


45 


52 


75 


juV 


SVR 


Supply 
voltage 
rejection 


f = 120 Hz 
lo= 300 mA 


62 

(Vj=8to18V) 


59 
(Vj=9to19V) 


56 

(Vi=1 1.5 to 21.5V) 


55 
(Vj=15to25V) 


dB 


Vd 


Dropout 
voltage 




2 


2 


2 


2 


V 


Isc 


Short 
circuit 
current 


Vj=35V 


300 


270 


250 


240 


mA 


Iscp 


Short circ. 

peak 

current 




700 


700 


700 


700 


mA 
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ELECTRICAL CHARACTERISTICS L78IVI00C (continued) 





OUTPUT 


VOLTAGE 


15 


18 


20 


24 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


23 


26 


29 


33 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
Voltage 




14.4 15 15.6 


17.3 18 18.7 


19.2 20 20.8 


23 24 25 


V 


lo=5to350nriA 


14.25 15 15.75 
(Vj= 17.5 to 30V) 


17.1 18 18.9 
(Vi= 20.5 to 33V) 


19 20 21 
(Vi= 23 to 35V) 


22.8 24 25.2 
(Vj=27to38V) 


AVo 


Line 
regulation 


lo= 200 mA 


100 
(Vi= 17.5 to 30V) 


100 
(Vi= 21 to 33V) 


100 
(Vp 23 to 35V) 


100 
(Vj=27to38V) 


mV 


50 
(Vj= 20 to 30V) 


50 
(Vj= 24 to 33V) 


50 
(Vi=24to35V) 


50 
(Vj= 28 to 38V) 


AVo 


Load 
regulation 


lo= 5 mA to 0.5A 


300 


360 


400 


480 


mV 


lo= 5 mA to 200 mA 


150 


180 


200 


240 


Id 


Quiescent 
current 




6 


6 


6 


6 


mA 


Aid 


Quiescent 

current 

change 


lo= 5 mA to 350 mA 


0.5 


0.5 


0.5 


0.5 


mA 


lo= 200 mA 


0.8 
(Vi= 17.5 to 30V) 


0.8 
(Vj=21 to 33V) 


0.8 
(Vj=23to35V) 


0.8 
(Vj= 27 to 38V) 


AVo 

AT 


Output 
voltage 
drift 


Iq= 5 mA 
Tamb=0to125°C 


-1 


-1.1 


-1.1 


-1.2 


mV/°C 


eN 


Output 

noise 

voltage 


B= 10Hz tolOOKHz 


90 


100 


110 


170 


mV 


SVR 


Supply 
voltage 
rejection 


f= 120 Hz 
lo=300mA 


54 

(Vj= 18.5 to 28.5V) 


53 
(Vj=22to32V) 


53 
(Vj= 24 to 34V) 


50 
(Vi= 28 to 38V) 


dB 


Vd 


Dropout 
Voltage 




2 


2 


2 


2 


V 


■sc 


Short 
circuit 
current 


Vi= 35V 


240 


240 


240 


240 


mA 


Iscp 


Short circ. 

peak 

current 




700 


700 


700 


700 


mA 
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Fig. 4 - Dropout voltage vs. 
junction temperature 
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Fig. 5 - Dropout charac- 
teristics 
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Fig. 6 - Peak output current 
vs. input-output differential 
voltage 
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Fig. 7 - Output voltage vs. 
junction tennperature 
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Fig. 8 - Supply voltage 
rejection vs. frequency 
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Fig. 9 - Quiescent current 
vs. junction temperature 
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Fig. 10 
response 



Load transient 
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Fig. 11 
response 



Line transient 
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Fig. 12 - Quiescent current 
vs. input voltage 
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APPLICATION INFORMATION (continued) 



Fig. 13- Fixed output regulator 



Fig. 14- Costant current regulator 



ll 



-r 



"To.l/uF 



Notes: 

(1)To specify an output voltage, substitute voltage 
value for "XX". 

(2) Although no output capacitor is needed for sta- 
bility, it does improve transient response. 

(3) Required if regulator is located an appreciable 
distance from power supply filter. 



Ti 




'o + 'd 



Fig. 15 - Circuit for increasing output voltage 



Fig. 16 -Adjustable output regulator (7 to 30V) 
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Fig. 17-0.5 to 10V regulator 



Fig. 18 Hiqh current voltage regulator 
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APPLICATION INFORMATION (continued) 



Fig. 19 - High output current with short 
circuit protection 



Fig. 20 - Tracking voltage regulator 
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'BEQ2 




COMMON 



" Jo.33;ljF [^ 



X 
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Fig. 21 - Positive and negative regulator 



Fig. 22 - Negative output voltage circuit 



T 
X 



J^'^'tD^^ 



T 
X 



JO-VF^^^. 



m 



{*)Di and D2 are necessary if the load is connected 
between + Vq and - Vq 



Fig. 23 - High Input voltage circuit 



Fig. 24- High input voltage circuit 




-t— L78MXX -^-t- 



"To.33fjF 0.1/ufT" 




ViN= Vi-IVz + Vbe) 



V|N= Vz-Vbe 
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APPLICATION INFORMATION (continued) 
Fig. 25 - High output voltage regulator 



Fig. 26 - High input and output voltage 



'i(^-f-^ 



T"^^ „ T T ' 




Vo= Vxx + Vzi 



Fig. 27- Reducing power dissipation with 
dropping resistor 






D =^ ^i(min) ~ Vxx ~ VpROPCmax) 
'o(max) ■•" 'd{max) 



Fig. 28 - Remote shuntdown 




Fig. 29 - Povver AM modulator (unity voltage 
gain, Iq < 0.5) 



-O^o V, 



^\f\j 



0.33^F r^gg^ 



r\ Modulation 

Vy' Signal 



Note: The circuit performs well up to 100 KHz. 



Fig. 30 - Adjustable output voltage with tem- 
perature compensation 



v.. 



X 



Note: Q2 is connected as a diode in order to 
compensate the variation of the Qi 
Vgg; with the temperature. C allows a 
slow rise-time of the Vq 

Vo=Vxx(i + -^) + Vbe 
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APPLICATION INFORMATION (continued) 
Fig. 31 - Light controllers (Vq mm"" Vxx + Vbe) 



(b) 





Vq falls when the light aoes up 



Vq rises when the light goes up 



Fig. 32 - Protection against input short-circuit with high capacitance loads 
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Applications with high capacitance loads and an output 
voltage greater than 6 volts need an external diode (see fig. 
32) to protect the device against input short circuit. In this 
case the input voltage falls rapidly while the output voltage 
decreases showly. The capacitance discharges by means of 
the Base-Emitter junction of the series pass transistor in the 
regulator. If the energy is sufficiently high, the transistor may 
be destroyed. The external diode by-passes the current from 
the IC to ground. 
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LINEAR INTEGRATED CIRCUITS 




.s^^J•.5^-^^^'; 



3-TERMINAL POSITIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT UP TO 2A 

• OUTPUT VOLTAGES OF 5; 7.5; 9; 10; 12; 15; 18; 24V 

• THERMAL OVERLOAD PROTECTION 

• SHORT CIRCUIT PROTECTION 

• OUTPUT TRANSISTOR SOA PROTECTION 

The L78S00 series of three-terminal positive regulators is available in TO-220 and TO-3 packages and 
with several fixed output voltages, making it useful in a wide range of applications. These regulators can 
provide local on-card regulation, eliminating the distribution problems associated with single point 
regulation. Each type employs internal current limiting, thermal shut-down and safe area protection, 
making it essentially indestructible. If adequate heat sinking is provided, they can deliver over 2A output 
current. Although designed primarily as fixed voltage regulators, these devices can be used with external 
components to obtain adjustable voltages and currents. 



ABSOLUTE MAXIMUM RATINGS 



v, 


DC input voltage (for Vq = 5 to 18V) 


35 V 




(for Vo = 24V) 


40 V 


lo 


Output current 


internally limited 


Ptot 


Power dissipation 


Internally limited 


Tstg 


Storage temperature 


-65 to +150 °C 


Top 


Operating junction temperature (for L78S00) 


-55 to +150 °C 




(for L78S00C) 


to +150 °C 



MECHANICAL DATA 



Dimensions in mm 



, 10.4^ 


""' 


-* 






j 




r^ 




3.85 ,^ t 


^f.' 










1 ; 




■■■.«> 


Y 


\ ^ 






i 


•1 








t -"" ^ 
















•'. 






^ 2.5A 






' 




„ 5.08 





■^m^- 



m 




O/Sv., 

TO-2^ 



tO-3 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 





Type 


TO-220 


TO-3 


Output voltage 


L 78S05 


_ 


L 78S05T 


5V 


L 78S05C 


L 78S05CV 


L 78S05CT 


5V 


L 78S75 


— 


L 78S75T 


7.5V 


L 78S75C 


L 78S75CV 


L 78S75CT 


7.5V 


L 78S09 


— 


L 78S09T 


9V 


L 78S09C 


L 78S09CV 


L 78S09CT 


9V 


L78S10 


— 


L78S10T 


10V 


L78S10C 


L78S10CT 


L78S10CT 


10V 


L78S12 


— 


L78S12T 


12V 


L78S12C 


L78S12CV 


L78S12CT 


12V 


L78S15 


— 


L78S15T 


15V 


L78S15C 


L78S15CV 


L78S15CT 


15V 


L78S18 


— 


L78S18T 


18V 


L78S18C 


L78S18CV 


L78S18CT 


18V 


L 78S24 


— 


L 78S24T 


24V 


L 78S24C 


L 78S24CV 


L 78S24CT 


24V 



BLOCK DIAGRAM 



INPUT 






















SERIES 

PASS 

ELEMENT 




OUTPUT 






j 


[ 


1 








1 




i 












CURRENT 
GENERATOR 




50A 
PROTECTION 










1 
















STARTING 
CIRCUIT 




REFERENCE 
VOLTAGE 




ERROR 
AMPLIFIER 






























































THERMAL 
PROTECTION 


{] 


































1 


GND 

— n.^ 



176 



Series 



SCHEMATIC DIAGRAM 




TEST CIRCUITS 



Fig. 1 - DC parameters Fig. 2 - Load regulation 



Fiq. 3 - Ripple rejection 



X 

jo.3: 



3 Co , 

0.1/uF 



T 







1 


L78SXX 


2 






= 








Vj 


a33Ai 


F 


3 




sl6121?<5V 
REQ. V5^ 


4P| ^" 

lOon 










_ 




5-4097^ 



30/us 



"To.33pF 

—i 



^^ 




THERMAL DATA 




TO-220 


TO-3 


Rth j-case Thermal resistance iunction-case 
Rth j-amb Thermal resistance junction-ambient 


max 
max 


3°C/W 
50 °C/W 


4°C/W 
35 °C/W 



177 



L78S00 
Series 



ELECTRICAL CHARACTERISTICS L78S00 (Refer to the test circuits, Tj= 25°C, !„= 500 mA 
unless otherwise specified) 



OUTPUT VOLTAGE 


5 


7.5 


9 


10 


Unit 




INPUT 
(Unless othe 


VOLTAGE 
rwise specified) 


10 


12.5 


14 


15 


Paranneter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 




4.8 5 5.2 


7.15 7.5 7.9 


8.65 9 9.35 


9.5 10 10.5 


V 


lo= 1A 


4.75 5 5.25 
(V|= 7V) 


7.1 7.5 7.95 

(Vi=9.5V) 


8.6 9 9.4 

(Vj=11V) 


9.4 10 10.6 

(Vi= 12.5V) 


AVo 


Line 
regulation 




100 

(Vj= 7 to 25V) 


120 

(Vj= 9.5 to 25V) 


130 

(Vi= 11 to 25V) 


200 

(Vi=12.5 to 30V) 


mV 


50 

(Vj= 8 to 12V) 


60 

(Vj- 10.5 to 20V) 


65 

(Vi= 11 to 20V) 


100 

(Vi= 14 to 22V) 


AVo 


Load 
regulation 


lo= 20 mA to 2A 


100 


120 


130 


150 


mV 


Id 


Quiescent 
current 




8 


8 


8 


8 


mA 


Aid 


Quiescent 

current 

change 


lo= 20 mA to 1 A 


0.5 


0.5 


0.5 


0.5 


mA 


lo= 20 mA 


1.3 
(Vj= 7 to 25V) 


1.3 

(Vj=9.5 to 25V) 


1.3 

(Vj= 11 to 25V) 


1 
(V|= 12.5 to 30V) 


AVq 

AT 


Output 
voltage 
drift 


lo=5mA 

Tj= -55 to 150°C 


-1.1 


-0.8 


-1 


-1 


mV/°C 


Cm 


Output 

noise 

voltage 


B= 10Hz to lOOKHz 


40 


52 


60 


65 


mV 


SVR 


Supply 
voltage 
rejection 


f= 120 Hz 


60 


54 


53 


53 


dB 


Vi 


Operating 

input 

voltage 


lo < 1.5A 


8 


10.5 


12 


13 


V 


Ro 


Output 
resistance 


f = 1 KHz 


17 


16 


17 


17 


mn 


Uc 


Short 
circuit 
current 


Vj = 27V 


500 


500 


500 


500 


mA 


'scp 


Short circ. 

peak 

current 




3.5 


3.5 


3.5 


3.5 


A 
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ELECTRICAL CHARACTERISTrCS L78S00 (continued) 



OUTPUT VOLTAGE 


12 


15 


18 


24 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


19 


23 


26 


33 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 




11.5 12 12.5 


14.4 15 15.6 


17.1 18 18.9 


23 24 25 


V 


lo- 1A 


11.4 12 12.6 
(V|= 14.5V) 


14.25 15 15.75 
(Vj= 17.5V) 


17 18 19 

(Vj= 20.5V) 


22.8 24 25.2 
(V|= 27V) 


^Vo 


Line 
regulation 




240 
(Vi= 14.5 to 30V) 


300 

(Vj= 17.5 to 30V) 


360 

(Vj= 20.5 to 30V) 


480 

(Vj= 27 to 38V) 


mV 


120 

(Vi= 16 to 22V) 


150 
(V,- 20 to 26V) 


180 
(V|= 22 to 28V) 


240 
(Vi=30 to36V) 


^Vo 


Load 
regulation 


lo= 20niA to 2A 


160 


180 


200 


250 


mV 


•d 


Quiescent 
current 




8 


8 


8 


8 


mA 


Aid 


Quiescent 

current 

change 


lo= 20 mA to 1 A 


0.5 


0.5 


0.5 


0.5 


mA 


lo=20mA 


1 
(Vi= 14.5 to 30V) 


1 
(Vj= 17.5 to 30V) 


1 
(Vj- 22 to 33V) 


1 
(Vj= 28 to 3SV) 


AT 


Output 
voltage 
drift 


lo=5mA 
Tamb=0to70°C 


-1 


-1 


-1 


-1.5 


mvrc 


sn 


Output 

noise 

voltage 


B= 10Hz to lOOKHz 


75 


90 


110 


170 


^y 


SVR 


Supply 
voltage 
rejection 


f = 120 Hz 


53 


52 


49 


48 


dB 


V, 


Operating 

input 

voltage 


\o< 1.5A 


15 


18 


21 


27 


V 


Output 
resistance 


f = 1 KHz 


18 


19 


22 


23 


mn 


Isc Short 
circuit 
current 


Vj = 27V 


500 


500 


500 


500 


mA 


Iscp 


Short circ. 

peak 

current 




3.5 


3.5 


3.5 


3.5 


■ 
A 
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ELECTRICAL CHARACTERISTICS L78S00C(Refer to the test circuits, Tj=25°C,lo= 500mA 
unless otherwise specified) 



OUTPUT VOLTAGE 


5 


7.5 


9 


10 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


10 


12.5 


14 


15 


Parameter 


Test conditions 


Min. Typ. iVIax. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 




4.8 5 5.2 


7.15 7.5 7.9 


8.65 9 9.35 


9.5 10 10.5 


V 


lo= lA 


4.75 5 5.25 
(Vj= 7V) 


7.1 7.5 7.95 
(Vj- 9.5V) 


8.6 9 9.4 

(Vj- 11V) 


9.4 10 10.6 

(Vi= 12.5V) 


AVo 


Line 
regulation 




100 
(Vj= 7 to 25V) 


120 

(Vj=9.5to25V) 


130 

(Vi= 11 to 25V) 


200 
(Vj= 12.5 to 30V) 


mV 


50 
(Vj=8to12V) 


60 
(Vj= 10.5 to 20V) 


65 
(Vi= 11 to 20V) 


100 
(Vi= 14 to 22V) 


AVo 


Load 
regulation 


lo= 20 mA to 2A 


100 


140 


170 


240 


mV 


Id 


Quiescent 
current 




8 


8 


8 


8 


mA 


Aid 


Quiescent 

current 

change 


lo= 20 mA to 1A 


0.5 


0.5 


0.5 


0.5 


mA 


lo=20mA 


1.3 
(Vj- 7 to 25V) 


1.3 

(Vj =9.5 to 25V) 


1.3 

(Vj = 11 to 25V) 


,.0 
(Vj= 12.5 to 30V) 


AVq 

AT 


Output 
voltage 
drift 


lo=5mA 
Tamb=0to70°C 


-1.1 


-0.8 


-1 


-1 


mvrc 


eiM 


Output 

noise 

voltage 


B- 10Hz to lOOKHz 


40 


52 


60 


65 


mV 


SVR 


Supply 
voltage 
rejection 


f= 120 Hz 


54 


48 


47 


47 


dB 


Vj 


Operating 

input 

voltage 


lo< 1.5A 


« 


10.5 


12 


13 


V 


Ro 


Output 
resistance 


f = 1 KHz 


17 


16 


17 


17 


mil 


Uc 


Short 
circuit 
current 


Vj = 27V 


500 


500 


500 


500 


mA 


'sop 


Short circ. 

peak 

current 




3.5 

■ 


3.5 


3.5 


3.5 


A 
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ELECTRICAL CHARACTERISTICS L78S00C (continued) 



OUTPUT VOLTAGE 


12 


15 


18 


24 


Unit 

1 


INPUT VOLTAGE 
(Unless otherwise specified) 


19 


23 


26 


33 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Min. Typ. Max. 


Vo 


Output 
voltage 




11.5 12 12.5 


14.4 15 15.6 


17.1 18 18.9 


23 24 25 


V 


lo=lA 


11.4 12 12.6 
(Vi= 14.5V) 


14.25 15 15.75 
(Vj- 17.5V) 


17 18 19 
(Vj- 20.5V) 


22.8 24 25.2 
(Vj- 27V) 


AVo 


Line 
regulation 




240 
(Vj= 14.5 to 30V) 


300 
(Vj- 17.5 to 30V) 


360 
(Vj- 20.5 to 30V) 


480 
(Vj- 27 to 38V) 


mV 


120 
(Vj= 16 to 22V) 


150 
(Vj=20to26V) 


180 
(Vj- 22 to 28V) 


240 

(Vj- 30 to 36V) 


AVo 


Load 
regulation 


lo= 20 mA to 2A 


240 


300 


360 


480 


mV 


Id 


Quiescent 
current 




8 


8 


8 


8 


mA 


Aid 


Quiescent 

current 

change 


lo= 20 mA to 1A 


0.5 


0.5 


0.5 


0.5 


mA 


lo= 20 mA 


1.0 
(Vj = 14.5 to 30V) 


1.0 
(Vj = 17.5 to 30V 


1.0 
(Vj = 20.5 to 30V) 


1.0 
(Vj = 27 to 38V) 


AVo 

AT 


Output 
voltage 
drift 


lo= 5mA 
Tamb=0to70°C 


-1 


-1 


-1 


-1.5 


mV/°C 


sn 


Output 

noise 

voltage 


B= 10Hz to lOOKHz 


75 


90 


110 


170 


mV 


SVR 


Supply 
voltage 
rejection 


f = 1 20 Hz 


47 


46 


43 


42 


dB 


V, 


Operating 

input 

voltage 


lo< 1.5A 


15 


18 


21 


27 


V 


Ro 


Output 
resistance 


f = 1 KHz 


18 


19 


22 


28 


mi2 


'sc 


Short 
circuit 
current 


Vj = 27V 


500 


500 


500 


500 


mA 


Ucp 


Short circ. 

peak 

current 




3.5 


3.5 


3.5 


3.5 


A 
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Fig. 4 - Dropout voltage vs. 
junction temperature 
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Fig. 5 - Peak output current 
vs. input/output differential 
voltage 
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Fig. 6 - Supply voltage 
rejection vs. frequency 
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Fig. 7 - Output voltage vs. 
junction temperature 
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Fig. 8 - Output impedance 
vs. frequency 
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Fig. 9 - Quiescent current 
vs. junction temperature 
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Fig. 10 - Load transient 
response 
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Fig. 11 - Line transient 
response 



Fig. 12 - Quiescent current 
vs. input voltage 
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APPLICATION INFORMATION (continued) 



L78S00 
Series 



Fig. 13 - Fixed output regulator 



Fig. 14 - Costant current regulator 



® 

L78SXX 



T L785XX ^ — f- 



"To.33/uF "To.1, 



Notes: 

(1 ) To specify an output voltage, substitute voltage 
value for "XX". 

(2) Although no output capacitor is needed for sta- 
bility, it does improve transient response. 

(3) Required if regulator is located an appreciable 
distance from power supply filter. 



1-^ L78SXX - — f 
_ — ni — ±^i 



"To.33^iF 'dl O.IajfT 



Ti'o 



Ri 



+ 1. 



Fig. 15 - Circuit for increasing output voltage 



Fig. 1 6 -Adjustable output regulator (7 to 30V) 



O-f-^ L78SXX -^-f- 

-Lo^3 [T 0.1 mL, 



Tl i l'-"T _ 



Vo=Vxx (1 + -^)+ld R2 



O.IajF 



Fig. 17-0.5 to 10V regulator 



Fig. 18 - Hiqh current voltage regulator 



\_L "!o.33hF 



9ion 

R5 

g.ikn 



ijg.ikn,^ 



-7V<-V|-f-17V 



_Li 3 - ii 1 6 



R4 

Ri 



Ql BD536 






^- 


iQl' 




RI 1 


L78SXX 


2 


"|o.33aj 




F 


3 






J 


S--110 





Ri= 



'BEQi 



/5q, 



'o~ 'reg+Pqi [Ireg ~" p 1 
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APPLICATION INFORMATION (continued) 



Fig. 19 - High output current with short 
circuit protection 



Fig. 20 - Tracking voltage regulator 



+ ViO- 




Q1 =BD53A 
Q2 = 2N612A 



p 






1 


L78SXX 


2 




0.33/u 


F 


3 


OA/aF 




_ 


s- 


.105 



'BEQ2 



T 



COMMON 



'^.33;uF p 



OI/uf]" 




jSl 



2N612i!. s-410^ 



COMMON 



^ k.7kO 

^, — o 



Fig. 21 - Positive and negative regulator 



Fig. 22 - Negative output voltage circuit 




iD2* 



31 



-1-^ 



(*)Di and D2 are necessary if the load is connected 
between + Vq and - Vq 



Fig. 23 - Switching regulator 



Fig. 24 - High input voltage circuit 



U1N5812 



Ui- 



i 



"Jo.33juF 



^ 



T<^U 



V^ U TobS/uF 0.1/uf" 

-•^ ^i^ii 5-40 9 6 



V,N= V|-(Vz + Vbe) 
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APPLICATION INFORMATION (continued) 

Fig. 25 - Higli input voltage circuit Fig. 26 - High output voltage regulator 



1 



±' "[0.33^iF j 0,1 ajT 



Vm= Vz-Vbe 






Fig. 27 - High input and output voltage 



Fig. 28 - Reducing power dissipation with 
dropping resistor 



+ v,0 — f V^iT^r— L78SXX --t f— 

' |0.33/uF 0.1 /ufT I 



Vo=Vxx + Vzi 






Vi(min) ~ Vxx ~ VDROP(max) 
'o(max) "*" 'cl(max) 



Fig. 29 --Remote shuntdown 




185 



L78S00 
Series 



APPLICATION INFORMATION (continued) 



Fig. 30 - Power AM modulator oscillator 
(unity voltage gain, Iq < 1 .5A) 



Fig. 31 - Adjustable output voltage with tem- 
perature compensation 




Note: The circuit performs well up to 100 KHz. 




S-4117/1 

Note: Q2 is connected as a diode in order to 
compensate the variation of the Qj 
Vbe; with the temperature. C allows a 
slow rise-time of the Vq 

Vo=Vxx(1+ -^)+Vbe 
"1 



Fig. 32- Light controllers (Vq rnin= Vxx + Vbe) 
(a) 



(b) 





Vq falls when the light aoes up 



Vq rises when the light goes up 



Fig. 33 - Protection against input short-cir- 
cuit with high capacitance loads 



-:i 



X 



Applications with high capacitance loads and an 
output voltage greater than 6 volts need an external 
diode (see fig. 33) to protect the device against 
input short circuit. In this case the input voltage 
falls rapidly while the output voltage decreases 
showly. The capacitance discharges by means of the 
Base-Emitter iunction of the series pass transistor 
in the regulator. If the energy is sufficiently high, 
the transistor may be destroyed. The external diode 
by-passes the current from the IC to qround. 
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LINEAR INTEGRATED CIRCUITS 




PRELIMINARY DATA 

3-TERMINAL NEGATIVE VOLTAGE REGULATORS 

• OUTPUT CURRENT UP TO 1.5A 

• OUTPUT VOLTAGES OF -5; -5.2; -8; -12; -15; -18; -20; -24V 

• THERMAL OVERLOAD PROTECTION 

• SHORT CIRCUIT PROTECTION 

• OUTPUT TRANSISTOR SOA PROTECTION 

The L7900 series of three-terminal negative regulators is available in TO-220 and TO-3 packages and 
with several output voltages. They can provide local on-card regulation, eliminating the distribution 
problems associated with single point regulation; furthermore, having the same voltage options as the 
L7800 positive standard series, they are particularly suited for split power supplies. In addition, the 
-5.2V is also available for ECL system. 

If adeguate heatsinking is provided, the L7900 series can deliver an output current in excess of 1.5A. 
Although designed primarly as fixed voltage regulators, these devices can be used with external com- 
ponents to obtain adjustable voltages and currents. 



ABSOLUTE MAXIMUM RATINGS 



Vi 


DC input voltage (for Vq = -5 to -18V) 


-35 V 




(for Vo = -20, -24V) 


-40 V 


lo 


Output current 


Internally limited 


Ptot 


Total power dissipation 


Internally limited 


Top 


Operating junction temperature 


to +150 °C 


Tstg 


Storage temperature 


-65 to +150 °C 



MECHANICAL DATA 



Dimensions in mm 



10.A 


•n« 






" -1 


3.8 S 


^■■'■■-^i!, 


~ ) 






it- 


1 '. 




- 


, 2.54 
, 5.08 



/W!!^ 







TO-220 



TO-3 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 



-e 

-n 


2 
3 




Type 


TO-220 


TO-3 


Output Voltage 


L7905C 


L7905CV 


L7905CT 


-5V 


L7952C 


L7952CV 


L7952CT 


-5.2V 


L7908C 


L7908CV 


L7908CT 


-8V 


L7912C 


L7912CV 


L7912CT 


-12V 


L7915C 


L7915CV 


L7915CT 


-15V 


L7918C 


L7918CV 


L7918CT 


-18V 


L7920C 


L7920CV 


L7920CT 


-20V 


L7924C 


L7924CV 


L7924CT 


-24V 



SCHEMATIC DIAGRAM 




Mris rJRig 



THERMAL DATA 



TO-220 



TO-3 



f^th j-case Thermal resistance junction-case 
Rth j-amb Thermal resistance junction-ambient 



max 
max 



3°C/W 
50°C/W 



4°C/W 
35 °C/W 
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ELECTRICAL CHARACTERISTICS L7900C(Cj = 2.2 mF, Co= 1 juF, Tj - to 125°C, 
Iq = 500 mA unless otherwise specified) 





OUTPUT 


VOLTAGE 


-5 


-5.2 


-8 


-12 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


-10 


-10 


-14 


-19 


Parameter 


Test conditions 


Min. 


Typ. Max. 


Min. 


Typ. Max. 


Min. 


Typ. Max. 


Min. Typ. Max. 


Vq 


Output 
voltage 


Ti=25-C 


-4.8 


-5 -5.2 


-5 


-5.2 -5.4 


-7.7 


-8 -8.3 


-11.5 -12 -12.5 


V 


lo= 5 mA to 1A 
Pq < 15W 


-4.75 
(Vi = 


-5 -5.25 
-8 to -20V) 


-4.95 

(Vi = 


-5.2 -5.45 
-9 to -21V) 


-7.6 

(Vj = 


-8 -8.4 
-11.5 to -23V) 


-11.4 -12 -12.6 
(Vj= -15.5 to -27V) 


^Vo 


Line 
regulation 


Tj = 25' C 


(Vi = 


100 
-7 to -25V) 


(Vi = 


105 
-8 to -25V) 


(Vi = 


160 
-10.5 to -25V) 


240 
(Vi= -14.5 to -30V) 


mV 


(Vi = 


50 

-8 to -12V) 


(Vi = 


52 
-9 to -13V) 


(Vj = 


80 
-11 to -17V) 


120 
(Vi=-16to-22V) 


AVo 


Load 
regulation 


Tj=25^^C 

lo= 5 mA to 1.5A 


100 


105 


160 


240 


mV 


Tj=25°C 

lo= 250 to 750 mA 


50 


52 


80 


120 


Id 


Quiescent 
current 


Tj= 25° C 


2 


2 


2 


3 


mA 


Aid 


Quiescent 

current 

change 


lo= 5 mA to 1A 


0.5 


0.5 


0.5 


0.5 


mA 




(Vj = 


1.3 
-8 to -25V) 


(V| = 


1.3 
-9 to -25V) 


(Vi = 


1 
-11. 5 to -25V) 


1 
(V|=-15 to-30V) 


AVq 

AT 


Qutput 
voltage 
drift 


lo= 5 mA 


-0.4 


-0.5 


-0.6 


-0.8 


mV/°C 


Bn 


Output 

noise 

voltage 


B = 10Hz to lOOKHz 
Tj= 25° C 


100 


125 


175 


200 


mV 


SVR 


Supply 
voltage 
rejection 


f = 120 Hz 

AVi= 10V 


54 


60 


54 


60 


54 


60 


54 60 


dB 


Vj_o 


Dropout 
voltage 


Tj= 25° C 
lo=1A 
AVo= lOOmV 


2 


1.8 


1.1 


1.1 


V 


'sc 


Short 
circuit 
current 




2.1 


2 


1.5 


1.5 


A 


Iscp 


Short 
circ. peak 
current 


Tj=25°C 


2.5 


2.5 


2.5 


2.5 


A 
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ELECTRICAL CHARACTERISTICS L7900 (continued 












OUTPUT VOLTAGE 


-15 


-18 


-20 


-24 


Unit 


INPUT VOLTAGE 
(Unless otherwise specified) 


-23 


-27 


-29 


-33 


Parameter 


Test conditions 


Min. Typ. Max. 


Min. Typ. Max. 


Min. 


Typ. Max. 


Min. 


Typ. Max. 


Vo 


Output 
voltage 


Tj = 25° C 


-14.4 -15 -15.6 


-17.3 -18 -18.7 


-19.2 


-20 -20.8 


-23 


-24 -25 


V 


lo= 5 mA to 1A 
Po< 15W 


-14.3 -15 -15.7 
(Vj=-18.5to-30V) 


-17.1 -18 -18.9 
(Vj= -22 to -33V) 


-19 

(Vi = 


-20 -21 
-24 to -35V) 


-22.8 

(Vi = 


-24 -25.2 
-27 to -38V) 


AVq 


Line 
regulation 


Tj = 25° C 


300 
(Vi=-17.5to-30V) 


360 

(Vj= -21 to -33V) 


(Vj = 


400 
-23 to -35V) 


(Vi = 


480 
-27 to -38V) 


mV 


150 
(Vj=-20to-26V) 


180 
(Vi= -24 to -30V) 


(Vi = 


200 
-26 to -32V) 


(Vi = 


240 
-30 to -36V) 


AVo 


Loaci 
regulation 


Tj=25°C 

lo= 5nnA to 1 .5A 


300 


360 


400 


480 


mV 


Tj= 25° C 

lo= 250 to 750 mA 


150 


180 


200 


240 


Id 


Quiescent 
current 


Tj=25°C 


3 


3 


3 


3 


mA 


Aid 


Quiescent 

current 

change 


lo= 5 mA to 1 A 


0.5 


0.5 


0.5 


0.5 


mA 




1 
(Vj=-18.5to-30V) 


1 
(Vj= -22 to -33V) 


(Vj = 


1 
-24 to -35V) 


(Vi= 


1 
-27 to -38V) 


AVp 

AT 


Output 
voltage 
drift 


Iq= 5 mA 


-0.9 


-1 


-1.1 


-1 


mV/°C 


e^ 


output 

noise 

voltage 


B= 10Hz to lOOKHz 
Tj= 25° C 


250 


300 


350 


400 


mV 


SVR 


Supply 
voltage 
rejection 


f = 120 Hz ' 

AVj= 10V 


54 60 


54 60 


54 


60 


54 


60 


dB 


Vi-o 


Dropout 
voltage 


Tj=25°C 
lo=1A 
AVo= lOOmV 


1.1 


1.1 


1.1 


1.1 


V 


Isc 


Short 
circuit 
current 




1.3 


1.1 


0.9 


1.1 


A 


Iscp 


Short 
circ. peak 
current 


Tj= 25° C 


2.2 


2.2 


2.2 


2.2 


A 
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APPLICATION INFORMATION 

Fig. 1 - Fixed output regulator 



-Via 



=1 



2hF 



Vj 



L79XX 



'© 






O-Vq 



S-5036M 

Notes: 

(1) To specify an output voltage, substitute voltage value for "XX". 

(2) Required for stability. For value given, capacitor must be solid tantalum. If aluminium electrolitics are used, at 
least ten times value shown should be selected. Cj is required if regulator is located an appreciable distance from 
power supply filter. 

(3) To improve transient response. If large capacitors are used, a high current diode from input to output (1N4001 
or similar) should be introduced to protect the device from momentary input short circuit. 



Fig. 2 - Split power supply (± 15V/1A) 



+ 20VO 



-ZOVQ 




* Against potential latch-up problems. 



Fig. 3 - Circuit for increasing output voltage 




R1 + R2 
R2 



R2 



> 3 1. 



* C3 optional for improved transient response and 
ripple rejection. 



Fig. 4 - High current negative regulator 
(-5V/4A with 5A current limiting) 



Fig. 5 - Typical ECL system power supply 
(~5.2V/4A) 



JiiiJ 2N3055 



-10V (W)^ 



BD175 
5.6 JI 



L7905 



^ 



2.2 |jF 



1|jf; 



-o 

-5V 



t — o 




Optional dropping resistor to reduce the power 
dissipated in the boost transistor. 
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LINEAR INTEGRATED CIRCUITS 



PRELIMINARY DATA 



1.2V to 37V ADJUSTABLE VOLTAGE REGULATOR 



The LM 1 17/LM 217/LM 317 are monolithic integrated circuits in TO-220 and TO-3 packages intended 
for use as positive adjustable voltage regulator. 

They are designed to supply more than 1.5A of load current with an output voltage adjustable over a 
1 .2 to 37V range. 

The nominal output voltage is selected by means of only a resistive divider, making the device excep- 
tionally easy to use and eliminating the stocking of many fixed voltage regulators. 
Their main features are: 

— Output voltage range: 1.2 to 37V 

— Output current in excess of 1 .5A 

— 0.1% line and load regulation 

— Floating operation for high voltages 

— Complete series of protections: current limiting, thermal shut-down and SOA control. 



ABSOLUTE MAXIMUM RATINGS 



Vi-o 


Input-output differential voltage 




40 V 


lo 


Output current 




Internally limited 


•op 


Operating junction temperature for: 


LM117 


-55 to 150 °C 






LM217 


-25 to 150 °C 






LM317 


to 125 °C 


Ptot 


Power dissipation 




Internally limited 


Tstg 


Storage temperature 




-65 to 150 °C 



MECHANICAL DATA 



Dimensions in mm 




db 




/ , ' \ OUTPUT -- 



TO-220 



TO-3 



6/82 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 



A 



► INPUT 



I> OUTPUT 
I> ADJUST 



Tab connected to pin 3 




Type 


TO-220 


TO-3 


LM 117 


— 


LM 117K 


LM217 


— 


LM217K 


LM317 


LM317T 


LM317K 



SCHEMATIC DIAGRAM 




THERMAL DATA 



TO-3 



TO-220 



Rth j-case Thermal resistance junction-case 
Rth j-amb Thermal resistance junction-ambient 



max 
max 



4°C/W 
35°C/W 



3°C/W 
50 °C/W 
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ELECTRICAL CHARACTERISTICS (Vj-Vo = 5V, Iq = 500 mA, unless otherwise specified) 



Parameter 




LM117/LIVI217 


LM317 


Unit 




Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


AVq Line regulation 


Vj-Vo= 3 to 
40V 


Tj= 25° C 




0.01 


0.02 




0.01 


0.04 


%/V 






0.02 


0.05 




0.02 


0.07 


AVq Load regulation 


Vo<5V 
lo= 10mA to 
1.5A 


Tj= 25° C 




5 


15 




5 


25 


mV 






20 


50 




20 


70 


Vo>5V 
lo= 10 mA to 
1.5A 


Tj= 25° C 




0.1 


0.3 




0.1 


0.5 


% 






0.3 


1 




0.3 


1.5 


'adj Adjustment pin 
current 






50 


100 




50 


100 


mA 


^ 1 ADJ Adjustment pin 
current 


Vj-Vo= 2.5 to 40V 
lo= 10 mA to 1.5A 




0.2 


5 




0.2 


5 


mA 


Vref Reference voltage 
(between pin 3 and 
pin 1) 


Vj-Vo= 3 to 40V 
lo= 10 mA to 1.5A 


1.2 


1.25 


1.3 


1.2 


1.25 


1.3 


V 


AVq Output voltage 
Vq temperature stability 






1 






1 




% 


'o min Minimum load 
current 






3.5 


5 




3.5 


10 


mA 


'o max Maximum load 
current 


Vj-Vo ^ ISV 


1.5 


2.2 




1.5 


2.2 




A 


Vj-Vo= 40V 




0.4 






0.4 




eisj Output noise 

(percentage of Vq) 


Tj=25°C, 10Hz to lOKHz 




0.003 






0.003 




% 


SVR Supply voltage 
rejection (*) 


Tj= 25°C 
f = 120 Hz 


Cadj= 




65 






65 




dB 


Cadj=10juF 


66 


80 




66 


80 





(*) 0/s^Dj is connected between pin 1 and ground. 

Note — Unless otherwise specified the above specs, apply over the following conditions: LM 117 Tj= -55 to 150°C; 
LM217 Tj = -25to 150°C;LM 317 Tj = 0to125°C. 
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Fig. 1 - Output current vs. 
input-output differential 
voltage 



Fig. 2 - Dropout voltage vs. 
junction temperature 
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Fig. 3 - Reference voltage vs. 
junction temperature 



30 Vi-Vo(V) 



*50 *100 T|(C*) 



-50 +50 +100 T:(C') 



APPLICATION INFORMATION 

The LM 117/LM 217/LM 317 provides an internal reference voltage of 1.25V between the output and 

adjustment terminals. This is used to set a constant current flow across an external resistor divider (see 

fig. 4), giving an output voltage Vo of : i-- /• r. ■ _i- ^ i_i i ^ 

^ '' ^ ^ ^ y o p,g 4 _ Basic adjustable regulator 



Vref (1 + 



R2 
R1 



+ I. 



R2 




The device was designed to minimize the term I^dj (100 juA max) and to maintain it very constant with 
line and load changes. Usually, the error term l^pj • R2 can be neglected. To obtain the previous 
requirement, all the regulator quiescent current is returned to the output terminal, imposing a minimum 
load current condition. If the load is insufficient, the output voltage will rise. 

Since the LM 1 17/LM 217/LM 317 is a floating regulator and "sees" only the input-to-output differen- 
tial voltage, supplies of very high voltage with respect to ground can be regulated as long as the maxi- 
mum input-to-output differential is not exceeded. Furthermore, programmable regulator are easily ob- 
tainable and, by connecting a fixed resistor between the adjustment and output, the device can be used 
as a precision current regulator. 

In order to optimise the load regulation, the current set resistor R1 (see fig. 4) should be tied as close as 
possible to the regulator, while the ground terminal of R2 should be near the ground of the load to 
provide remote ground sensing. 

No external capacitors are required, but performance may be improved with added capacitance as 
follows: 

— An input bypass capacitor of 0.1 /xF. 

— An adjustment terminal to ground 10 jUF capacitor to improve the ripple rejection of about 15 dB 
(Cadj)- 

— An 1 jUF tantalum capacitor on the output to improve transient response. 
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APPLICATION INFORMATION (continued) 

In additional to external capacitors, it is good practice to add protection diodes, as shown in fig. 5. 

Fig. 5 - Voltage regulator with protection diodes. 







1NA001 
1^ 










^D^ 






I ^ 


2 


LM117 
LM217 
LM3r7 


3 


Vo 








X2A0 


v^ 




■■r^i 


1 


Adj i 

1N4001 


=C3 




0.1 uF rJ 

1 


f' yO;.F 






J 


1. 




S -5046/1 



D1 protects the device against input short circuit, while D2 protects against output short circuit for 
capacitors discharging. 



Fig. 6 - Slow turn-on 15V regulator 



V-.O 



R1 4_D1 

2A0n A1N4001 
El. 




O Vo=15V 



Fig. 7 - Current regulator 

Vq R1 Jo, 



LM117 
LM217 
LM317 



*ADJ 



lo= -^^+ I 



ADJ 



1.25V 



R1 ^^^ ~ R1 

(lo= 10 mA to 1.5A) 



Fig. 8 - 5V electronic shut-down regulator 



7Vto35V 



Fig. 9 - Digitally selected outputs 




TTL 

INPUT 




DIGITAL INPUTS S-5055/i 

(R2 sets maximum Vq) 
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APPLICATION INFORMATION (continued) 
Fig. 10 - Battery charger (12V). 

0.2il 




R2 
2.AKn 



Rg sets output impedance of charger 

Use of Rs allows low charging rates with fully 
charged battery. 



Fig. 1 1 - Current limited 6V charger. 

\ 

9Vto30V 




R3 sets peak current (0.6A for 1S7). 

CI recommended to filter out input transients. 
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LINEAR INTEGRATED CIRCUITS 



PRELIMINARY DATA 



LOW POWER QUAD OPERATIONAL AMPLIFIERS 

• SINGLE OR SPLIT POWER SUPPLY 

• VERY LOW POWER CONSUMPTION 

• INPUT COMMON-MODE RANGE INCLUDING GROUND 

• LARGE DC VOLTAGE GAIN (100 dB) 

The LM 324 consists of four indipendent, high gain, internally frequency compensated opamps speci- 
fically designed to operate from a single power supply over a wide range of voltages. Botn in split and in 
single supply the current drain is independent of the magnitude of the power supply voltage. 
In the linear mode the input common-mode voltage range includes ground and the output voltage can 
also swing to ground, even though operating from only a single power supply voltage. 
The LM 324 is available in a standard 14-lead dual in-line plastic package and in a 14-lead micropackage 
version for thick or thin film hybrid circuits. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


32 


V 


Vi 


Input voltage (single supply) 


-0.3 to 26 


V 


Vi 


Differential input voltage 


32 


V 


Ptot 


Total power dissipation 


400 


mW 


Top 


Operating temperature for : LM 2902 


Oto 70 


°C 




LM324 


-25 to 85 


'^C 




LM 324A 


-55 to 125 


°C 


Tstg 


Storage temperature 


-65 to 150 


°C 



MECHANICAL DATA 



Dimensions in mm 
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mm 



CONNECTION DIAGRAM AND ORDERING NUMBERS 

(top view) 



OUTPUT A 
INV.INP. A 
NON INV. INR A 

NON INV.INP. B 



OUTPUT D 

INV. INR D 

NON INV.INP D 




Type 


DIP-14 


SO-14 


LM 324 


LM 324N 


LM 324CM 


LM 324A 


LM 324AN 


- 


LM 2902 


LM 2902N 


LM 2902CM 



SCHEMATIC DIAGRAM 

(one section) 




INVERTING _^ 

INPUT / CQ2 

fQ1 



NON-INVERTING 
INPUT 



O^V, 



THERMAL DATA 




DIP 14 


SO 14 


Rth j-amb Thermal resistance junction-ambient 


max 


200°C/W 


200°C/W* 


* Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 
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ELECTRICAL CHARACTERISTICS (Vs = +5V, Tamb= -55 to 125°C for the LM 324A, 
Tamb= -25 to 85°C for the LM 324 and Tamb= to 70°C for the LM 2902, unless otherwise specified) 



Parameter 


Test conditions 


LIVI324 


LM 324A 


LM 2902 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Is Supply current 


Rl=oo 


Vs = 30V 




1.5 


3 




1.5 


3 




1.5 


3 


mA 






0.7 


1.2 




0.7 


1.2 




0.7 


1.2 


Il3 Input bias current 


Tamb= 25°C 




45 


250 




45 


100 




45 


250 


nA 








500 






200 






500 


Vqs 1 nput offset voltage 


Rg=0 

Vs = 5Vto30V 


Tamb= 25°C 




±2 


± 7 




± 2 


± 3 




± 2 


± 7 


mV 








± 9 






± 5 






± 10 


AVqs Input offset voltage 


Rg=0 




7 






7 


30 




7 




mV/°c 


AT ^"^^ 


Iqs Input offset current 


Tamb=25°C 




± 5 


±50 




±5 


±30 




± 5 


± 50 


nA 








±150 






±75 






±200 


^'os Input offset current 
AT drift 






10 






10 


300 




10 




pA/°C 


Isc Output short circuit 
to ground current 


Tamb=25°C(*) 




40 


60 




40 


60 




40 


60 


mA 


Gv Large signal open 
loop voltage gain 


Vs= 15V 
R L ^ 2 Kn 


Tamb=25°C 


88 


100 




88 


100 






100 




dB 




83 






83 






83 






Input common-mode 
voltage range 


Vs = 30V 


Tamb= 25°C 







Vs-1.5 







Vs-1.5 







Vs-1.5 


V 









Vs-2 







Vs-2 







Vs-2 


Vq Output voltage swing 


Tamb=25°C 


Rl=2 Kn 






Vs-1.5 






Vs-1.5 








V 


Rl> lOKn 


















Vs-1.5 


Vs = 30V 


Ri_=2 Kn 


26 






26 






22 






V 


Rl> lOKn 


27 


28 




27 


28 




23 


24 




Vq sat Output saturation 
voltage to ground 


Rl< 10K12 




5 


20 




5 


20 




5 


100 


mV 


CMR Common mode 
rejection 


Tamb= 25°C 


65 


70 




65 


85 




50 


70 




dB 


SVR Supply voltage 
rejection 


Tamb= 25°C 


65 


70 




65 


100 




50 


70 




dB 


CS Channel separation 


f = 1 KHz to 20 KHz 
Tamb=25°C 
(Input referred) 




120 






120 






120 




dB 


lo+ Output source 
current 




Tamb= 25°C 


20 


40 




20 


40 




20 


40 




mA 




10 


20 




10 


20 




10 


20 




Iq- Output sink current 


Vi+ = OV 

Vi-=1V Tamb=25°C 

Vo= 200 mV 


12 


50 




12 


50 










HA 


Vj-= IV 
Vi+ = OV 
Vs= 1 5V 


■'"amb= 25° C 


10 


20 




10 


20 




10 


20 




mA 




5 


8 




5 


8 




5 


8 





(*) Short circuits from the output to positive supply voltage 
put current is 40 mA typ. independent of the magnitude 
amplifiers. 



can cause excessive heating and eventual destruction. The maximum out- 
of Vg. Destructive dissipation can result from simultaneous shorts on all 
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Fig. 1 - Supply current vs. 
supply voltage 



Fig. 2 - Input voltage range 
vs. supply voltage 



Fig. 3 - Output short circuit 
current vs. ambient tem- 
perature 
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Fig. 4-Open loop frequency 
response 
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50 100 TambCC) 



Fig. 5 - Large signal fre- 
quency response 



Fig. 6 - Voltage follower 
pulse response (small signal) 
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APPLICATION INFORMATION 

The LM 324 can operate with a single power supply voltage, has true-differential inputs and remains in 

the linear mode with an input common-mode voltage of OV. The four included op amps work over a 

wide range of power supply voltage with little change in performance characteristics. At 25°C operation 

is possible down to a minimum supply voltage of 2.3V. 

The input common-mode voltage or either input signal voltage should not be allowed to go negative by 

more than 0.3V. The upper end of the common-mode voltage range is Vg-I.BV, but either or both 

inputs can go to +32V without damage. 

If the voltage at any of the input leads is driven negative (Vj^ < -0.3V), the collector-base junction of 

the input PNP transitor becomes forward biased and thereby acts as an input diode clamps (max 

current: 50 mA). In addition to this diode action, there is also lateral NPN parasitic transistor action on 

the IC chip. This can cause the output voltage to go to the positive supply voltage level (or to ground for 

a large overdrive) for the time duration that an input is driven negative. This is not destructive and 

normal output states will re-establish when the input voltage again returns positive (Vjn >-0.3V). 

The output stage design allows the amplifiers to both source and sink large output currents. 

Therefore both NPN and PNP external current boost transistors can be used to extend the power capa- 
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APPLICATION INFORMATION (continued) 

bility of the basic annplifiers. The output voltage needs to raise approximately 1 diode drop above 
ground to bias the on-chip vertical PNP transistor for output current sinking applications. 
Output short circuits either to ground or to the positive power supply should be of short time duration. 
Units can be destroyed, not as a result of the short circuit current causing metal fusing, but rather due 
to the large increase in IC chip dissipation which will cause eventual failure due to excessive junction 
temperature. Putting direct short-circuits on more than one amplifier at a time, the total IC power dissi- 
pation will increase to destructive levels, if not properly protected with external dissipation limiting 
resistors in series with the output leads of the amplifiers. The larger value of output source current which 
is available at 25°C provides a larger output current capability at elevated temperatures (see typical 
performance characteristics) than a standard IC op amp. 

The circuits presented in the following section emphasize operation on a single power supply voltage. 
If split supplies are used, all the standard op amps configuration can be realised. 



TYPICAL SINGLE SUPPLY APPLICATION CIRCUITS (Vs = 5V) 



Fig. 7 - DC summing amplifier 




where: Vo= Vj + V2 - V3 - V4 

(Vi + V2)' > (V3 + V4) to keep Vq > OV 



Fig. 8 - Power amplifier 




Vo=OVforV|N=OV 
G„= 20 dB 



Fig. 9- LED driver 



Fig. 10 - Lamp driver 





Fig. 1 1 - Fixed current sources 

4-5V 




i2= ^)^. 
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TYPICAL SINGLE SUPPLY APPLICATION CIRCUITS (continued) 



Fig. 12 - Comparator with Hysteresis 



+ VinO- 



Hysteresis 




S- 5067 



VinL= 
VinH= 






R1 



R1 + R2 

R1 
R1 + R2 
R1 



(Vol-Vref) + Vrep 
(Voh-Vref) + Vref 



Hysteresis= ^^'^'^2 ^"^^^ ~ ^O"-^ 



Fig. 13 - Ground referencing a dif- 
ferential input signal 




Vo=Vr 



Fig. 14 - Driving TTL 




X 1/AT7ALS00 

■Jm S-5070 



Fig. 15 - Squarewave oscillator 




LAJ-L 



Fig. 16 - High input Z, DC differential amplifier 



Fig. 17 - Wien bridge oscillator 




JiiiriooKii 



+ v, a 



For 



R1 ^ _R4_ 
R2 R3 



R4 



(CMRR depends on this resistor 
ratio match) 



Vo= 1+ -^ (V2-V1) 







fn = 



J 

2 7r RC 



OVo 
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TYPICAL SINGLE SUPPLY APPLICATION CIRCUITS (continued) 
Fig. 18 - Function generator 

TRIANGLE WAVE 

OUTPUT 

9 




-cm 



R1 + Rc , 
4CRfR1 



R2 R1 
R2 + R1 



Fig. 19- Bi-Quad filter 



Vlr, CI DO 




fo= 



27r RC 



;R1=QR;R2= 



_R1_ 



Vref=-y Vg; R3= Gn R2; C1= IOC 

Example: 

fo= 1 KHz R = 160Ka 

Q= 10 C = 1 nF 

Gbp= 1 R1=1.6l\/in 

Gn= 1 R2=1.6Mn 

R3= 1.6 Mn 
Where: Gbp= Center Frequency Gain 
Gfsj = Passband Notch Gain 
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LINEAR INTEGRATED CIRCUITS 




PRELIMINARY DATA 



QUAD VOLTAGE COMPARATOR 



The LM 339 and the LM 339Aare monolithic integrated circuits in a 14-lead dual in-line plastic package 
and in a 14-lead micropackage. They consists of four independent precision voltage comparators and are 
specially designed to offer a versatility as high as possible; application areas include limit comparators, 
A/D converters, waveforms generators, high voltage logic gates and so on. Furthermore, the open collec- 
tor output stage provides easy interfacing with all types of logic circuitry. 
The LM 339/LM 339A main features are: 

— Wide supply range (2 to 36V) 

— Single or split supply operation 

— Very low current consumption (0.8 mA, regardless of supply voltage) 

— Ground input compatibility 

— Output voltage compatible with TTL, DTL, ECL, MOS and CMOS logic systems 

— Output short circuit to ground continuous 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


± 18 or +36 


V 


V, 


Input voltage range 


-0.3 to 36 


V 


V| 


Differential input voltage 


36 


V 


li 


Input current (Vj^ < -0.3 V^c) 


50 


mA 


Ptot 


Total power dissipation at Tamb== 25°C 


600 


mW 


Top 


Operating temperature 


Oto 70 


°C 


Tstg- 


Storage and junction temperature 


-65 to 150 


°C 



MECHANICAL DATA 



Dimensions in mm 



j-.J 
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CONNECTION DIAGRAM AND ORDERING NUMBERS 

(top view) 




Type 


DIP14 


SO-14 


LM339 
LM 339A 


LM 339N 
LM 339AN 


LM 339CM 



SCHEMATIC DIAGRAM 

(each section) 



(-) o- 



-O + Vg 



-^vTr> 



X 



THERMAL DATA 



DIP-14 



SO-14 



Rth j-amb Thermal resistance junction-ambient 



200°C/W 



200°C/W* 



* Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm), 
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ELECTRICAL CHARACTERISTICS (Vg = +5V for the LM 339; Vj = +15V for the LM 339A; 
Tamb'= 25°C, unless otherwise specified) 



Parameter 


Test conditions 


LM 339A 


L339 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vq5 Input offset voltage 


At out. switch point 
Vo=1.4V;Rg=0 

Vref= 1.4 V^c 






± 1 


± 2 




± 2 


±5 


mV 


Tamb=0to70°C 






± 4 






±9 


Ih Input bias current 
(1) 


Output in linear 
range 






25 


250 




25 


250 


nA 


Tamb=0to70°C 






400 






400 


Iqs Input offset 
current 








± 5 


±50 




± 5 


±50 


nA 


Tamb=0to70°C 






±150 






±150 


Input Common- 
Mode voltage range 
(2) 











Vs-1.5 







V3-I.5 


V 


Tamb=0to70°C 







Vs-2 







Vs-2 


Is Supply current 


Rl=- 




0.8 


2 




0,8 


2 


mA 


Gy Voltage gain 


Rl > 15 Kn 


94 


106 






106 




dB 


Large signal 
response time 


\/|N= TTL logic swing; 
Vref=+1-4V; Rl=5.1 K12 
Vrl=5V 




300 






300 




nsec 


Response time (3) 


Vrl=5V; Rl-5.1 KH 




1.3 






1.3 




Msec 


Iq Output sink current 


V|N(-)>1V; V,N(+)=OV; 
Vq < 1.5V 


6 


16 




6 


16 




mA 


Vsat Output saturation 
voltage 


V,N(-)> 1V 
V,N(+)=OV 
■sink < 4 mA 






250 


500 




250 


500 


mV 


Tamb=0to70°C 






700 






700 


'o leak Output leakage 
current 


V|N(+)> IV 
V|N(-)= ov 


Vo = 5V 




0.1 






0.1 




nA 


Tamb=0to70°C 
Vo= 30V 






1 






1 


mA 


Differential input 
voltage 


All V,N >0V (or-Vs if split 
supply is used); Tamb=0to70°C 






36 






36 


V 



Notes: (1) The direction of the current is out of the IC due to the PNP input stage. This current is essentially con- 
stant, independent of the state of the output, so no loading change exists on the reference or input lines. 

(2) If either input of any comparators goes more negative than 0.3V below ground, a parasitic transistor turns 
on causing high input current and possible faulty outputs. This condition is not destructive providing the 
input current is limited to less than 50 mA. 

(3) The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 
300 nsec can be obtained. 
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APPLICATION INFORMATION 

The LM 339 includes four high gain, wide bandwidth devices which, like most comparators, can easily 
oscillate if thfe output is inadvertently allowed to capacitively couple to the inputs via stray capacitance. 
That occurs during the output voltage transitions, when the comparator changes state. 
To minimize this problem, PC board layout should be designed to reduce stray input-output coupling; 
reducing the input resistors to less than 10 Kn reduces the feedback signal levels and finally, adding even 
a small amount (1 to 10 mV) of positive feedback (hysteresis) causes such a rapid transition that oscilla- 
tions due to stray feedback are not possible. 
It is good design practice to ground all unused pins. 

The differential input voltage may be larger than positive supply without damaging the device. Note that 
voltages more negative than -0.3V should not be used: an input clamping diode can be used as 
protection. 

The output of the LM 339 is the uncommitted collector of a NPN transistor with grounded emitter. This 
allows the device to be used like any open-collector gate providing the OR-wide facility. 
The output sink current capability is approximately 16 mA; if this limit is exceeded, the output tran- 
sistor will come out of saturation and the output voltage will rise very rapidly. 

Under this limit, the output saturation voltage is limited by the approximatively 60n rgat of the output 
transistor. 



Fig. 1 - Basic comparator 




^VrefO— 



Fig, 2 - Non-inverting com- 
parator with Hysteresis 



VrefO- 




Fig. 3 - Inverting comparator 
with Hysteresis 



^VinO 




Fig. 4 - Driving C/MOS 



Fig. 5 - Driving TTL 
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APPLICATION INFORMATION (continued) 

Fig. 6 - AND gate Fig. 7 - OR gate 
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Fig. 8 - Large fan-in AND gate 
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Fig. 10 - Time delay generator 



Fig. 9 - Squarewave oscillator 
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Fig. 1 1 - ORing the outputs 
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APPLICATION INFORMATION (continued) 
Fig. 12 - Peak audio level display 
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Fig. 13 - PC Board and component layout of 
the circuit of fig. 12 
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Fig. 14 - Zero crossing detector (single supply) 



+ 15V 
Q 



220 220 hoKil 




Fig. 15 - Zero crossing detector (split supplies) 



V|Nmln ~ 0.4V peak for 1% phase distortion (A d ) 




D1 prevents input from going negative by more 
than 0.6V: 

R1 + R2 = R3 

R3 < — r^r — for smaller error in zero crossing 
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LINEAR INTEGRATED CIRCUIT 



BALANCED MODULATOR 

• SINGLE OR DUAL SUPPLY OPERATION 

• LOW POWER CONSUMPTION 

• LOW CARRIER LEAKAGE 

• LOW DISTORTION 

• LOW NOISE 

The LS025 is a low noise linear integrated circuit, intended for use as a channel modulator and demodu- 
lator in FDM telephone equipments and as analogue AC and DC multiplier in industrial and professional 
applications. It features low quiescent power consumption, low distortion and intermodulation. It shows 
a typical carrier leakage better than 85 dB throughtout the audio bandwidth. The LS025 is available in 
TO-100 metal case, while the hermetic gold chip (8000 series) is available in SO-14 (14-lead plastic 
micropackage). This last version is particularly suitable for professional and telecom applications wher- 
ever very high MTBF are required. 



ABSOLUTE MAXIMUM RATINGS 


TO-100 


jLipackage 


Vs Supply voltage 

AVj Differential input voltage 

Top Operating temperature 

Ptot Power dissipation at Tamb= 70 °C 

Tstg Storage temperature 


30 V 

±5 V 

-25 to 85 °C 

520 mW 400 mW 

-65 to 150 °C -55 to 150 °C 



MECHANICAL DATA 



Dimensions in mm 



0.25'^ 7, ^ 49-i-5 7 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 



CARRIER INPUTS 





Type 


TO-100 


80-14 


LS025 


LS 025T 


LS025M 


LS 8025 




LS 8025M 



SCHEMATIC DIAGRAM (The pin numbers refer to the )u package version, while the numbers in 
brackets refer to the TO-100 version) 




THERMAL DATA 




TO-100 


80-14 


Rth j-amb Thermal resistance junction ambient 


max 


155°C/W 


200* °C/W 



' The thermal resistance is measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 
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ELECTRICAL CHARACTERISTICS (Referred to the circuit of fig. 1; Ta, 
otherwise specified. The pins correspond to the jupackage version) 



25°C unless 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs Supply voltage range 




-12 




-30 


V 


Is Supply current 






2 


2.5 


mA 


lb Input bias current 


Pins 14-1 
Pins 14-2 
Pins 8-9 




0.7 
0.7 
1.4 


2 
2 
4 


mA 

JuA 


Al Input offset current 


Pins 14-1 
Pins 14-2 
Pins 8-9 




50 
70 
100 




nA 
nA 
nA 


Positive input common mode 
voltage 






4.5 




V 


Negative input common mode 
voltage 






-8 




V 


Vo DC output voltage (pin 1 2) 




-3.2 


-3.8 


-4.6 


V 


AVq Differential output voltage 
(pins 11-12) 






25 


100 


mV 


Vfef Input biasing reference voltage 
(pin 6) 






-7.5 




V 


Rj Input resistance 


Pins 14-1 
Pins 14-2 
Pins 8-9 




30 
300 
150 




ka 
ka 


Rq Output resistance 


f = 1 kHz 




3 


10 


n 


Vq Output voltage swing 




1 


1.3 




Vpp 


CMR Common mode rejection 


CM signal (pins 14-1) 

V = 700 mVrms fi= 10 kHz 
Diff. signal (pins 8-9) 

V = 350 mVrms f2= 40 kHz 




98 




dB 


CM signal (pins 14-2) 

V = 700mVrms fi=10kHz 
Diff. signal (pins 8-9) 

V = 350 mVrms f2= 40 kHz 




86 




dB 


CM signal (pins 8-9) 

V = 350mVrms fi= 10 kHz 
Diff. signal (pins 14-1) 

V = 175mVrms f 2= 40 kHz 




80 




dB 


SVR Positive supply voltage 
rejection 


f = 1 kHz 




33 




dB 


SVR Negative supply voltage 
rejection 




80 




dB 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


MIn. 


Typ. 


Max. 


Unit 


K Scale factor 






3.2 




v-i 


Gc Conversion gain 




4.5 


5 


5.5 


dB 


AGc Conversion gain change 


Tamb=10to5CrC 




±0.1 




dB 


Carrier leakage 


Vm=0 


-35 


-50 




dBv 


Mrtriiilntinn cinnil Innlirnnn 




-35 


-50 




dBmo 


^(fc±fm) 


(2fm) 2nd harmonic modulating 






-75 




dBmo 


^(fc±fm) ^'^"^' leakage 


V(f ±2fm) 
-r- 2nd harmonic distortion 

^(fc±fm) 




-60 


-75 




dBmo 






-55 


-80 




dBmo 


^(fc±fm) 


V(f^±3f^) 




-60 


-79 




dBmo 


V(fc±fm) 


Low frequency thermal noise 


Vm=0 f =1 kHz 
B = 100 Hz 


-115 


-125 




dBv 


High frequency thermal noise 


Vm=0 f = 30kHz 
B = 100 Hz 




-127 




dBv 



Fig. 1 - Test and application circuit of nnodulator with single supply voltage 
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1 r'lRd 
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10)uF 



-vs 6, 



Working conditions 

V3 = -20V 

fc = 130 kHz 

fr„= 25 kHz 

Vo=-15dBv{fc±fm) 

Vc=-13dBv 

Rl= 600 a 
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Fig. 2 - Carrier leakage vs. 
modulation signal input 
offset 



Fig. 3 - Conversion gain vs. 
frequency 



Fig. 4 - Distortion vs. out- 
put level 
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Fig. 5 - Carrier leakage adjustment circuit for 
system with two supply voltages 



Fig. 6 - Carrier leakage vs. 
frequency 
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LS025 



APPLICATION INFORMATION 

Fig. 7 - DC multiplier 



15kn A70il 



-CZZh 




♦15V tlSV 



LS025 




Application diagram of DC multiplier, have a scale factor K = 0.1. Typical linearity and leakage errors 

are less than 1%. 

The input voltage range is ± 10V. 



Definition of units 

p 
dBm : power level (10 Ig -^) is expressed in dBm when P^ is 1 mW, therefore dBm= 1 mW. 

dBmo : the power is expressed in dBmo when referred to an established power level in the circuit, 
generally the output signal level, 
e.g.: if the output level is -15 dBm and this level is chosen as reference, then dBmo = -15 

dBm; if another signal, i.e. the distortion measured at the same point of the circuit, is 

-90 dBm, then the distortion is -75 dBmo. 

dBv : 20 Ig ^when Vi= 775 mVrms. 



Definition of terms 

Common mode rejection : CMR 
ratio 

with G 



= 20lg^%^ 



Scale factor 



= Conversion gain with specified circuit conditions 
VcM = Common mode signal level 
Vq = Output signal level at frequency = fa ± f i 

with Vx = voltage input (pins 14 - 2) 
Vy = voltage input (pins 8-9) 
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APPLICATION INFORMATION (continued) 



Conversion gain 
Carrier leakage 



: Ge = 20 Ig 



Vo(fc±frT 



is defined as the output voltage at carrier frequency with only the carrier 
applied to the input (modulating voltage = 0) 

Modulating signal leakage: is defined as the output voltage, at modulating frequency, referred to funda- 
mental carrier sidebands 

Vo(fm) 



M.S.L = 20 Ig 



Vo(fc±frT 



Output spectrum vs. frequency 



M 



e E 



±± 



J E 



M 



J L 



_L 



frequency 



fc = carrier fundamental (leakage) 

fm = mod. sig. (leakage) 

nfm = harmonic modulating signal (leakage) 

f ^. ± f ^ = fundamental carrier sidebands 

f^ ± nf^i = fundamental carrier sideband harmonics 

n (fc ± fm) = carrier harmonic sidebands 
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LS045 



LINEAR INTEGRATED CIRCUIT 



CHANNEL AMPLIFIER 

The LS 045 is a monolithic integrated circuit intended for use as channel amplifier in FDM and PCM 
telephone equipment. It features low quiescent power consumption, low distortion, high gain. The 
LS 045 is available in TO-99 metal case, while the hermetic gold chip (8000 series) is available in SO-8 
(8-lead plastic micropackage). This last version is particularly suitable for professional and telecom appli- 
cations wherever very high MTTF are required. 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


/zpackage 


Vs Supply voltage 


±18V 


Vjd) Input voltage 


± 12 V 


AVj Differential input voltage 


±30V 


Top Operating temperature 


-25 to 85 °C 


Output short circuit duration (2) 


indefinite 


Ptot Power dissipation at Tg^b^ 70°C 


520 mW 


400 mW 


Tstg Storage temperature 


-65 to 150 °C 


-55 to 150 °C 



(1) For supply voltages less than ± 12V, input voltage is equal to supply voltage. 

(2) The short circuit duration is limited by thermal dissipation. 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 



FREQUENCY COMPENSATION 




/^5^ 




OFFSET } 
NULL > 


Y » 


">;-s 


invertwg/ 
inr.it T) 2 




6 6 OUTPUT 


NON INVERTINGV, 
INPUT C 


< . 


5r/0FFSET 
y^ NULL 



I FREQUENCY COMPENSATION] 



OFFSET NULL [Z 1 8 IDCOMPENSATION 

INVERTING INPUT C 2 7 ID + Vs 

NON INVERTING INPUTC 3 6 ID OUTPUT 

-Vs EZ ^ 5 Z] OFFSET NULL 



S-2049 



Type 


TO-99 


SO-8 


LS045 


LS 045T 


LS045M 


LS 8045 




LS 8045M 



SCHEMATIC DIAGRAM 

IQ Q 




R9h Rsh 

50knU looU 



THERMAL DATA 


TO-99 




SO-8 


Rth j-amb Thermal resistance junction-amb lent max 


155°C/W 


200* °C/W 


* The thermal resistance is measured with the device mounted on a ceramic substrate (25x16x0.6 mm) 
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ELECTRICAL CHARACTERISTICS (Vs= -20V, Vbai= -10V, 1^^^= 25°C unless otherwise 
specified. For V^ai see fig. 7) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vqs Input offset voltage 


Rg=10kn 




± 1.5 


± 10 


mV 


itt input bias current 






100 


750 


nA 


Rj Input resistance 


Open loop 




2 




Mn 


Rq Output resistance 




75 




a 


Gv Open loop voltage gain 


RL=2kl2 f = 10 Hz 


83 


105 




dB 


d Distortion 


f = 1 kHz Gv=40dB 

ZLeq=470n 

Po= -5 dBm 
Po= 8 dBm 




0.15 
0.15 


0.3 
0.3 


% 
% 


Ptot Quiescent power dissipation 


Po=0 




20 


30 


mW 


Pq Maximum output power 


d = 1% ZLeq =47012 
Gv=40dB 


14 


16 




dBm 


Pn Noise power referred to input 


Rg<1.5kn f=1kHz 
Gv=40dB B = 100Hz 






-120.5 


dBm 


SVR Supply voltage rejection referred 
to output 


f = 1 kHz Gv= 40 dB 


30 


36 




dB 



THE FOLLOWING SPECIFICATION APPLY FOR Tamb = "25 to 85°C 



Vqs Input offset voltage 


Rg= 10 ka 






± 15 


mV 


I5 Input bias current 








1.5 


HA 


Gy Open loop voltage gain 


RL=2kn 


78 






dB 



Fig. 1 - Quiescent power 
dissipation vs. ambient tem- 
perature 



Fig. 2 -Quiescent power dis- 
sipation vs. supply voltage 



Fig. 3 - Voltage gain (open 
loop) vs. frequency 
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LS04§ 



Fig. 4 - Maximum output 
power vs. load resistance 
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Fig. 5 - Distortion vs. out- 
put power 
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Fig. 6 - Transient response 
(unity gain) 
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APPLICATION INFORMATION 

Fig. 7 - Channel amplifier circuit 
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Fig. 8 - Return loss vs. fre- 
quency 



Fig. 9 - Return loss vs. volt- 
age gain 
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LS101 
LS201 
LS301 



LINEAR INTEGRATED CIRCUITS 



HIGH PERFORMANCE OPERATIONAL AMPLIFIERS 

• GUARANTED DRIFT CHARACTERISTICS 

• SLEW RATE OF 10V/ms AS A SUMMING AMPLIFIER 

• UNITY GAIN PHASE COMPENSATION WITH A SINGLE 30 pF CAPACITOR 

• 3 mV MAX OFFSET VOLTAGE OVER TEMPERATURE RANGE 

• 100 nA MAX INPUT BIAS CURRENT OVER TEMPERATURE RANGE 

The LS 101 series consists of high performance operational amplifiers, intended for a wide range of 
analog applications, where tailoring of frequency characteristics is desirable. The LS 101 series is short 
circuit protected and has the same pin configuration as the LS 141 and LS 148. Absence of latch-up 
and high common mode voltage range make the LS 101 series ideal for use as voltage followers. In ad- 
dition, the LS 101 series provides better accuracy and lower noise in high impedance circuitry: the low 
input current also makes it particularly well suited for long interval integrators, timers, sample and hold 
circuits and low frequency generators. The LS 101 series is also available with hermetic gold chip (8000 
series), particularly suitable for professional and telecom applications, wherever very high MTBF are 
required. 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


Minidip 


M package 


Vs 


Supply voltage for LS 101/101 A/201/201A 
for LS 301 A 




±22 V 
± 18 V 




Vi (1) 


Input voltage 




±15V 




AVi 


Differential input voltage 




±30V 




Top 


Operating temperature for LS 101/LS 101 A 
for LS 201 A 
for LS201/LS301A 

Output short circuit duration (2) 




-55 to 125 °C 

-25 to 85 °C 

0to70°C 

indefinite 




Ptot 


Power dissipation at Tamb= 70 °C 


520 mW 


665 mW 


400 mW 


Tstg 


Storage temperature 


-65 to 150 °C 


-55 to 150 °C 


-55 to 150 °C 



(1) For supply voltage less than ± 15V, input voltage is equal to the supply voltage. 

(2) The short circuit duration is limited by thermal dissipation. 

MECHANICAL DATA 



Dimensions in mm 
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mm 
mm 



CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 



FftEQUENCY 


COMPENSATION 




/ 


^J 


o^-^ 




BALANCerj 


^ 


' >^ 


\" 


INVERTING A, 
INPUT- Y'^ 






3 OOUTPUT 


NON INVERTINGK 
INPUT. ^ 




. IP 


/ 

BALANCE 



I FREQUENCY COMPENSATION | 



f^ 



INVERTING H, 
INPUT- ■- 

NON INVER.r 1 
INPUT + H 



COMR 

6 3 OUTPUT 
5 3 BALANCE 



[FREQUENCY COMPENSATION! 



INVERTING I 
INPUT - ' 
NON INVER. I 
INPUT* ' 



OUTPUT 
5 t] BALANCE 



Type 


TO~99 


Minidip 


SO-8 


LS101 


LS101T 








LS101A 


LS 101 AT 


— 


— 


LS201 


LS201T 


LS201B 


LS201M 


LS201A 


LS201AT 


- 


- 


LS301A 


LS301AT 


LS301AB 


LS 301AM 


LS8101 


— 


— 


LS8101M 


LS8101A 


— 


— 


LS 8101AM 


LS8201 


- 


- 


LS8201M 


LS8201A 


- 


- 


LS 8201AM 


LS8301A 


- 


- 


LS 8301AM 



SCHEMATIC DIAGRAM 
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LS201 
LS301 



THERMAL DATA 



TO-99 



Minidip 



SO-8 



Rth j-amb Thermal resistance junction-ambient 



155°C/W 



120°C/W 



200* °C/W 



* Measured with the device mounted on a ceramic substrate (25x16x0.6 mm) 



ELECTRICAL CHARACTERISTICS* for LS 101 and LS 201 



Parameter 


Test conditions 


LS101 


LS201 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vos 


Input offset 
voltage 


Rg< lOkn 

Rg<10kn Tamb=25°C 




1 


6 

5 




2 


10 
7.5 


mV 
mV 


AVos 

AT 


Average temperat. 
coefficient of input 
offset voltage 


Rg< lOkn 
Rg < 50a 




6 
3 






10 
6 




iuV/°C 


'os 


Input offset current 


Tamb= 25°C 
Tamb~ Tmax 
Tamb'^Tmjn 




40 
10 
100 


200 
200 
500 




100 
50 
150 


500 
400 
750 


nA 
nA 
nA 


>b 


Input bias current 


Tamb=25°C 




0.12 


1.5 
0.5 




0.25 


2 
1.5 


mA 
mA 


R. 


Input resistance 


Tamb= 25°C 


0.3 


0.8 




0.1 


0.4 




Mn 


Vj 


Input voltage range 


Vs=±15V 


± 12 






± 12 






V 


Gv 


Large signal 
voltage gain 


Vs=±15V Vo=±10V 
RL>2kn 


88 






83 






dB 


Vs = ±15V Vo=±10V 
RL>2kI2 Tamb=25°C 


94 


104 




86 


103 




dB 


CMR 


Common mode 
rejection 


Rg< 10 k!^ 


70 


90 




65 


90 




dB 


SVR 


Supply voltage 
rejection 


Rg< 10 kn 


70 


90 




70 


90 




dB 


Vo 


Output voltage 
swing 


Vs = ±15V 
Rl= 10 kn 
Rl= 2kn 


± 12 
± 10 


± 14 
± 13 




± 12 
± 10 


± 14 
± 13 




V 
V 


•s 


Supply current 


Vs ± 20V 




1.8 


3 




1.8 


3 


mA 



* These specifications, unless otherwise specified, apply for Ci= 30 pF, Vs= ±5 to ±20V and Tgmb^ "^^ to 125 °C 
(LS 101/LS 101A), Tamb= "25 to 85 °C (LS 201A) and Tamb= to 70 °C (LS 201); Vs= ±5 to ±15V and 
Tamb=0to70°C(LS301A). 
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ELECTRICAL CHARACTERISTICS* for LS 101A, LS 201Aand LS301A 



Parameter 


Test conditions 


LS 101A/LS 201A 


LS 301A 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vqs Input offset 
voltage 


Rg <10k^ 

Rg<10kn Tamb=25°C 




0.7 


3 
2 




2 


10 
7.5 


mV 
mV 


^^os Average temperat. 
AT coefficient of Input 
offset voltage 


Rg< lOkn 




3 


15 




6 


30 


)uV/°C 


Iqs Input offset current 


Tamb=25°C 




1.5 


20 
10 




3 


70 
50 


nA 
nA 


^'os Average temperat. 
AT coefficient of input 
offset current 


Tamb=25°CtoTmax 
Tamb-Tmin to 25°C 




0.01 
0.02 


0.1 
0.2 




0.01 
0.02 


0.3 
0.6 


nA/°C 
nA/°C 


I5 Input bias current 


Tamb=25°C 




30 


0.1 
75 




70 


0.3 
250 


mA 

nA 


Rj Input resistance 


Tamb-25°C 


1.5 


4 




0.5 


2 




Mn 


Vj Input voltage range 


Vs = ±20V 
Vs=±15V 


± 15 






±12 






V 
V 


Gy Large signal 
voltage gain 


Vs=±15V Vo=±10V 
RL>2kn 


88 






83 






dB 


Vs = ±15V Vo=±10V 
RL>2kn Tarr,b=25°C 


94 


104 




86 


104 




dB 


CMR Common mode 
rejection 


Rg< 10 kn 


80 


96 




70 


90 




dB 


SVR Supply voltage 
rejection 


Rg< 10kI2 


80 


96 




70 


96 




dB 


Vq Output voltage 
swing 


Vs = ±15V 
Rl= 10 kn 
Rl= 2kn 


± 12 
± 10 


± 14 
± 13 




± 12 
± 10 


±14 
± 13 




V 
V 


Is Supply current 


Vs=±20V Ta^b=Tr„ax 




1.2 


2.5 








mA 


Tamb=25°C 
Vs = ±20V 
Vs = ±15V 




1.8 


3 




1.8 


3 


mA 
mA 



* These specifications, unless otherwise specified, apply for Ci= 30 pF, Vs= ±5 to ±20V and Tamb~ "^^ to 125 °C 
(LS 101/LS 101A), Tamb= "25 to 85 °C (LS 201A) and Tamb= to 70 °C (LS 201); Vs= ±5 to ±15V and 
Tamb=0to70°C (LS301A). 
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LS101 
LS201 
LS301 



Guaranteed characteristics (LS 101/LS 201) 

Fig. 1 - Input voltage range Fig. 2 -Output voltage swing Fig. 3 -- Voltage gain vs. sup- 

vs. supply voltage vs. supply voltage ply voltage 











































(V) 
16 

12 
10 
8 
6 

2 










































(dB) 
85 

80 

75 

70 










































































































































































































































































/ 


~" 






"" 


■" 
































































































MINLS 101A 




/ 




























































































X 


























/ 




















































^ 


^ 




































/ 




/ 






















/ 






















































y 






































/ 




/ 






















/ 










/ 








"" 


~ 
































^ 


/' 


























Ml 


N RLrlOkn 


/ 




/ 




















^ 


^ 










/ 










































/ 








































^ 




/ 




















/ 


' 








/ 


^u 


IN LS201A 




























MIN 


/ 






































/ 


























/ 










/ 












































/ 






































A 




































y 













































/ 






































/ 


' 


/ 


' 




























^ 














































/ 






































/ 




/ 


M 


NR,=2 


kn 




















/ 














































/ 






































/ 




/' 






























/ 














































/ 
















v~ 






















/ 




' 












































































/ 






































/ 


> 














































































/ 






































/ 
















































































/ 






























































































































































































_ 
























































































































n 


n 


Zl 


Z] 






ZJ 






_1 




Z! 








J 






J 


_| 



2 A 6 8 to 12 K 16 iVs(V) 2 4 6 8 10 12 R 16 tV^CV) ° ^ ^ 6 8 10 12 U 16 ♦ V, (V) 



Guaranteed characteristics (LS 101A/LS 201 A) 



Fig. 4 - Input voltage range 
vs. supply voltage 



Fig. 5 -Output voltage swing 
vs. supply voltage 



Fig. 6 - Voltage gain vs. sup- 
ply voltage 
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Guaranteed characteristics (LS 301A) 

Fig. 7 - Input voltage range Fig. 8 -Output voltage swing Fig. 9 - Voltage gain vs. sup- 



vs. supply voltage 



vs. supply voltage 
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Fig. 10 - Input bias current 
vs. annbient temperature (for 
LS 101 A/201 A/301 A) 
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Fig. 11 -Input offset current 
vs. ambient temperature (for 
LS 101 A/201 A/301 A) 
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Fig. 12 - Input bias current 
vs. ambient temperature (for 
LS 101/201) 









































































Vs = 


tl5V 








\ 


s 




\^ 
















\ 




> 


a^S20i 














\ 


LS101 


\^ 
















\ 


\, 




















V 


N 































-50 50 100 Tgi^b^'C) 



-50 50 100 Tamt/'C) 



-50 50 100 Ta^tjCC) 



Fig. 13 - Input offset cur- 
rent vs. ambient tempera- 
ture (for LS 101/201) 



Fig. 14 - Supply current vs. 
supply voltage 



Fig. 15 - Voltage qain vs. 
supply voltage 
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Fig. 16 - Output voltage 
swing vs. output current 
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Fig. 17 - Input noise voltage 
vs. frequency 
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Fig. 18 - Input noise cur- 
rent vs. frequency 
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OPERATIONAL AMPLIFIER COMPENSATION 

SINGLE POLE 

Fig. 19 Fig. 20 - Open loop fre- 

quency response 




Ov 
(dB) 


















Vs = tl5V 








140 
120 








p^ 


3pF 












PHASE 


100 
80 
60 
60 
20 


-20 


^ 


<^ 


S^,. 












0/^ 




L „ 






J^^^ 


^ 


•Sk 






' -"o^^ 


\^ 


<^ 


< 












^ 


SINGLE POLE 
COMPENSATIO 


S| 




^ 


V 










' 



Fig. 21 - Large signal fre- 
quency response 
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Fig. 23 - Open loop fre- 
quency response 
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Fig. 24 - Large signal fre- 
quency response 
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Fig. 26 - Open loop fre- 
quency response 
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Fig. 27 - Large signal fre- 
quency response 
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Fig. 28 - Single pole com- 
pensation pulse response 



Fig. 29 - Two pole com- 
pensation pulse response 



Fig. 30 - Feed forward 
pulse response 
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TYPICAL APPLICATIONS 



Fig. 31 - Inverting amplifier with balancing 
circuit 




♦ May be zero or 

equal to parallel lOMA _| 50kn. 

combination of 

R1andR2 for minimum offset 



Fig. 32 - Integrator with bias current compen- 
sation 




♦Adjust for zero integrator 
drift. Current drift typically 
O.lnA/'C over -SS'C to 125°C 
30pF temperature range 



Fig. 33 - Standard compensation and offset 
balancing circuit 



Fig. 34 - Compensation for stray input capaci- 
tances or large feedback resistor 
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TYPICAL APPLICATIONS (continued) 



Fig. 35 - Protecting against gross fault con- 
ditions 



Fig. 36 - Bilateral current source 




OOUT 



8 TEST POINT 



S-2606 



A Protects input ' || 

• Protects output 

* Protects output -not needed when R A is used 



SOkfl 
O.r/o 




Fig. 37 - Power operational amplifier (G^ = 40 dB) 
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LINEAR INTEGRATED CIRCUITS 



FREQUENCY COMPENSATED OPERATIONAL AMPLIFIERS 

• LOWOFFSETCURRENT AND VOLTAGE 

• LOW INPUT CURRENT 

• GUARANTEED DRIFT CHARACTERISTICS 

The LS 107 series consists of general purpose operational amplifiers, with the frequency connpensation 

buHt into the chip. They replace pin-to-pin the LS 709, LS 101, LS 141 and LS 148. 

The LS 107 series offers features similar to the LS 101 A, providing better accuracy and lower noise in 

high impedance circuits. The low input currents allow the device to be used in slow charge applications, 

such as long interval integrators, slow ramps, sample and hold circuits. 

The LS 107 series is available with hermetic gold chip (8000 series), particularly suitable for professional 

and telecom applications, wherever very high MTBF are required. 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


Minidip 


jupackage 


Vs 


Supply voltage for LS 107 and LS 207 
for LS 307 




+ 22V 
±18V 




Vid) 


Input voltage 




± 15V 




AVi 


Differential input voltage 




±30V 




' op 


Operating temperature for LS 107 
for LS 207 
for LS 307 

Output short circuit duration (2) 




-55 to 125 °C 

-25 to 85 °C 

to 70 °C 

indefinite 




Ptot 


Power dissipation at Tgmb^ 70°C 


520 mW 


665 mW 


400 mW 


Tstg 


Storage temperature 


-65 to 150 °C 


-55 to 150°C 


-55 to 150 °C 




Lead soldering temperature 


300 °C (10s) 


260 °C (12s) 


260 °C (5s) 
235 °C (lis) 



1 ) For supply voltages less than ±1 5V, input voltage is equal to the supply voltage 

2) The short circuit duration is limited by thermal dissipation 

MECHANICAL DATA 



Dimensions in mm 




.^ma 


S< 


)&^'~^^^ 










1.':v '::!..,,:, J'' 


r^M^'^'>:'..i 




'/■:h';':'\'M:y»^c~'' 






15 




25^7 


Fit 




n n n n 






Lo- 






U U"'U"IT 






u u u u 



TO-99 



Minidip 



80*8 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 




INVERTING I- 
INPUT- *- 

NON INVER. r 
INPUT • •- 



1 NC 

3 OUTPUT 
3 NC 



C 



Ca 



8] NC 

7 3 -s 

6 3 OUTPUT 
5 3 NC 



Type 


(case) 

TO-99 


Minidip 


SO-8 


LS107 


LS 107T 


— 


— 


LS207 


LS 207T 


— 


— 


LS307 


LS 307T 


LS 307B 


LS 307M 


LS8107 


- 


- 


LS8107M 


LS 8207 


— 


— 


LS8207M 


LS 8307 


- 


- 


LS 8307M 



SCHEMATIC DIAGRAM 




.-<-. 



THERMAL DATA 


TO-99 


Minidip 


SO-8 


Rth j-amb Thermal resistance junction-ambient max 


155°C/W 


120°C/W 


200* °C/W 


* IVIeasured with the device mounted on a ceramic substrate (25x16x0.6 mm) 
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ELECTRICAL CHARACTERISTICS (see note) 



Parameter 


Test conditions 


LS 107/LS 207 


LS307 




Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vos 


Input offset voltage 


Rg< 10 kn 

Rg<10kn Tamb=25°C 




0.7 


3 
2 




2 


10 
7.5 


mV 
mV 


AVos 


- Average tempera- 
ture coefficient of 
input offset voltage 






3 


15 




6 


30 


mV/°c 


AT 


los 


Input offset current 


Tamb= 25°C 




1.5 


20 
10 




3 


70 
50 


nA 
nA 


Alos 

AT 


Average tempera- 
ture coefficient of 
input offset current 


"•"amb^ 25°C toTmax 
Tamb=Tmin to 25°C 




0.01 
0.02 


0.1 
0.2 




0.01 
0.02 


0.3 
0.6 


nA/°C 
nA/°C 


'b 


Input bias current 


Tamb= 25°C 




30 


100 
75 




70 


300 
250 


nA 
nA 


Ri 


Input resistance 


Tamb= 25°C 


1.5 


4 




0.5 


2 




Mn 


Gv 


Large signal voltage 
gain 


Vs=±15V Vo=±10V 


88 






84 






dB 


Vs=±15V Vo=±10V 
RL>2kn Tamb=^25°C 


94 


104 




88 


104 




dB 


Vi 


Input voltage range 


Vs= ±20V 
Vs=±15V 


±15 






±12 






V 
V 


Vo 


Output voltage 
swing 


Vs=±15V RL=10kn 
Vs=±15V Rl= 2 kn 


±12 
±10 


±14 
±13 




±12 
±10 


±14 
±13 




V 
V 


CMR 


Common mode 
rejection 


Rg< 10ki2 


80 


96 




70 


90 




dB 


SVR 


Supply voltage 
rejection 


Rg< 10 kn 


80 


96 




70 


96 




dB 


's 


Supply current 


Vs= ±20V 

Tamb= 25°C 

Tarr,b=125°C 

Vs=±15V Tamb=25°C 




1.8 
1.2 


3 
2.5 




1.8 


3 


mA 
mA 
mA 



Note: These specifications, unless otherwise specified, apply for Vs= ± 5V to ± 20V 
LS 107; Vs= ± 5V to ± 20V and Tamb" "25 to 85° C for LS 207; Vs= ± 5V to ± 
LS 307. 



anci Tamb= "55 to 125°C for 
15V and Tamb= to 70° C for 
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Fig. 1 - Supply current vs. 
supply voltage 
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Fig. 2 - Voltage gain vs. sup- 
ply voltage 
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Fig. 3 - Input current vs. 
ambient temp. 
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Fig. 4 - Current limiting vs. 
output current 
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Fig. 5 - Input noise voltage 
vs. frequency 
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Fig. 6 - Input noise current 
vs. frequency 
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Fig. 7 - Open loop fre- 
quency response 
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Fig. 8 - Large signal fre- 
quency response 
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Fig. 9 - Voltage follower 
pulse response 
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Guaranteed performance characteristics (LS 107/LS 207) 
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vs. supply voltage swing 

voltag 


t voltage 
vs. supply 
e 


Fig. 12- Voltage gain vs. sup- | 
ply voltage 


• 1 1 


- ^ 


*'o III 


Oy 




MI I 


II 1 I 1 I 






T«,b-4« 


o itK 


t,j T^ -ii.oii^ 


: (dB) 




W -5^to«5t 1 1 1 1 1 
















































J ^ 
















— Z^ 


^i^ "^ 


















MwA.idk/ >'y 














Pi^iv-Z ^ 


^"^ ^ ,, 


c^ 






*2^ 








Jl JL 




" ^2y^ 






y 








Z Z 




~ ^^ / 85 






> 








: -Z -Z- 




-y^ 




MiN i>r 11 M 








/ ,/l<eijA tv 




^ '^ ^ tsN Rl.ZWI 






^ 








: z -Z 


> 


/. 




^^ 










.Z -Z 


/^' 


? 




^'^ 










? z 


«!l^ 


80 




z 










'^ 


2Z 
















z 


iP 














t 


? 








































75 










__ 



2 4 6 8 X) 12 K 16 iV, (V) 



2 A 6 8 10 12 U )6 t V, (V ) 



Guaranteed performance characteristics (LS 307) 



Fig. 13- Input voltage range 
vs. supply voltage 



Fig. 14 - Output voltage 
swing vs. supply 
voltage 



Fig. 15- Voltage gain vs. sup- 
ply voltage 
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TYPICAL APPLICATIONS 

Fig. 16- Inverting amplifier 




Fig. 17 - Non-inverting AC 
amplifier 




Fig. 18- Non-inverting am- 
plifier 
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LINEAR INTEGRATED CIRCUITS 



FREQUENCY COMPENSATED OPERATIONAL AMPLIFIERS 

• NO FREQUENCY COMPENSATION REQUIRED 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGE 

• NO LATCH-UP 

The LS 141 series consists of general purpose operational amplifiers, intended for a wide range of analog 
applications. High common mode voltage range and absence of "latch-up" tendencies make the LS 141 
series ideal for use as a voltage follov\/er.The high gain and wide range of operating voltage provide superior 
performance in integrators, summing amplifiers, and general feedback applications. The LS 141 series is 
available with hermetic gold chip (8000 series). This is particularly suitable for professional and telecom 
applications, wherever very high MTBF are required. 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


Minidip 


jupackage 


Vs 


Supply voltage for LS 141/LS 141 A 
for LS141C 




±22V 
±18V 




Vid) 


Input voltage 




±15V 




AVi 


Differential input voltage 




±30V 




1 op 


Operating temperature for LS 141/LS 141A 
for LS 141C 

Output short circuit duration{2) 




-55to125°C 
to 70°C 
indefinite 




Ptot 


Power dissipation at Tamb~ 70°C 


520 mW 


665 mW 


400 mW 


Tstg 


Storage temperature 


-65to150°C 


-55to150°C 


-55 to 1 50° C 




Lead soldering temperature 


300°C(10s) 


260^^0 (12s) 


260°C (5s) 
235°C(11s) 



1) For supply voltage less than ± 15V, input voltage is equal to the supply voltage 

2) The short circuit duration is limited by thermal dissipation 



MECHANICAL DATA 



Dimensions in mm 




,^l- 








M'^y-^m'0:-c>:. 





TO-99 




u u u u 



Minidip 



SO-8 



6/82 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 




6 :3 OUTPUT 

5 13 OFFSET NULL 



OFFSET NULLC ' 
INVER. INPUT - d 2 

NON INVER. r— t 
INPUT . *— ■^ 



OUTPUT 
5 tZI OFFSET NULL 



Type 


TO-99 


Minidip 


SO-8 


LS 141 


LS141T 


- 


- 


LS 141A 


LS 141 AT 


- 


- 


LS 141C 


LS 141 CT 


LS141 CB 


LS 141 CM 


LS8141 


- 


- 


LS8141M 


LS8141A 


- 


- 


LS 8141 AM 


LS8141C 


- 


- 


LS8141 CM 



SCHEMATIC DIAGRAM 




THERMAL DATA 


TO-99 


Minidip 


SO-8 


Rth Hmb Thermal resistance junction ambient max 


155°C/W 


120°C/W 


200* °C/W 


* Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm) 
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ELECTRICAL CHARACTERISTICS (see note) 



Parameter 


Test conditions 


LS 141 


LS 141A 


LS 141C 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


IVos 


Input offset 
voltage 


Tamb=25°C 
Rg< lOkn 
Rg < 50 n 




1 


5 




0.8 


3 




2 


6 


mV 
mV 


Tamb~ ^w'\n to T^gx 
Rg < lOkn 
Rg < 50 n 




±15 


6 






4 






7,5 


mV 
mV 


^Vos 


Input offset 
voltage adjust, 
range 


Vs= ± 20V 

Vs=±15V Tamb=25°C 




±10 








±15 




mV 
mV 


AVos 

AT 


Average input 
offset voltage 
drift 










15 








mV 

°C 


'os 


Input offset 
current 


Tamb=25°C 

~amb~ Tmin to T^ax 




20 
85 


200 
500 




3 


30 
70 




20 


200 
300 


nA 
nA 


Alos 

AT 


Average input 
offset current 
drift 














0.5 








nA 
°C 


lb 


Input bias 
current 


Tamb=25°C 
' amb~ Tmin to Tmax 




80 


500 
1.5 




30 


80 
0.21 




80 


500 
0.8 


nA 

mA 


Ri 


Input resistance 


|Tamb=25°C 
^amb"^ Tnnjn to T^ax 


0.3 


2 




1 
0.5 


6 




0.3 


2 




Ma 


Vi 


Input voltage 
range 


Tamb"^ Tmjn to T^ax 


±12 


±13 




±12 


±13 




±12 


±13 




V 


Gv 


Large signal 
voltage gain 


Tamb=25°C Rl> 2 k^ 
Vs=±15V Vo=±10V 


94 


106 




94 






86 


106 




dB 


Tamb= Tmjn to T^ax 
;RL>2kn 

Vs=±15V Vo=+10V 
Vs= ±5V Vo= +2V 


88 






90 
80 






84 






dB 


Vo 


Output voltage 
swing 


Vs= ±15V 
Rl> 10 kn 

Rl> 2 kn 


±12 
±10 


±14 
±13 




±12 
±10 


±14 
±13 




±12 
±10 


±14 
±13 




V 
V 


'sc 


Output short 
circuit current 


Tamb= 25°C 

"""amb" Tinin to T^ax 




25 




10 
10 


25 


35 
40 


70 


25 




mA 
mA 


CMR 


Common mode 
rejection 


Vs = ±20V 

Rg<10kn VcM=±12V 


70 


90 




80 


95 


90 




dB 


SVR 


Supply voltage 
rejection 


Rg<50f2 Vs=±5to±20V 
Rg<10kn Vs=±5to±15V 


77 


96 




86 


96 




77 


96 




dB 
dB 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


LS 141 


LS 141A 


LS 141C 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Transient respon. 
(unity gain) 
Rise tinne 
Overshoot 


Tamb=25°C 




0.3 
5 






0.25 
6 


0.8 
20 




0.3 
5 




MS 

% 


B Bandwidth 


Tamb=25°C 








0.437 


1.5 










MHz 


SR Slew rate 


Tamb=25°C 




0.5 




0.3 


0.7 






0.5 




V/ms 


Is Supply current 


Tamb=25°C 




1.7 


2.8 










1.7 


2.8 


mA 


Ptot Power 

consumption 


Tamb=25°C 
Vs= ±20V 
Vs=±15V 




50 


85 




80 


150 




50 


85 


mW 
mW 


Vs= ±20V 
Tamb" "'"min 
"''amb'^ Tmax 












165 
135 








mW 
mW 


Vs=±15V 
"'"amb'" Tmin 
"''amb^ Tmax 




60 
45 


100 
75 














mW 
mW 



Note: These specifications, unless otherwise specified, apply for Vs= ±1 5V and Tamb"^ 
LS 141 A. For the LS 141C these specifications apply for Tamb= to 70° C 



-55 to 1 25° C for LS 141 and 



Fig. 1 - Open loop voltage 
gain vs. supply volt- 
age 
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Fig. 2 - Output voltage 
swing vs. supply 
voltage 
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Fig. 3 - Power consumption 
vs. supply voltage 
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Fig. 4 - Open loop voltage 
gain vs. frequency 
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Fig. 5 - Open loop phase 
response vs. fre- 
quency 
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Fig. 6 - Input offset current 
vs. supply voltage 
(for LS 141 and 
LS 141C) 
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Fig. 7 - Input resistance and 
capacitance vs. fre- 
quency (for LS 141 
and LS 141C) , 
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Fig. 8 - Output resistance 
vs. frequency* 
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Fig. 9 - Output voltage 

swing vs. load re- 
sistance 
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Fig. 10 - Output voltage 

swing vs. frequency 
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Fig. 11 - Input noise voltage 
vs. frequency 
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Fig. 12 - Input noise current 
vs. frequency 
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Fig. 13 -Transient response 
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Fig. 14- Common mode re- 
jection ratio vs. fre- 
quency 
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Fig. 15- Voltage follower 
large signal pulse 
response ^^^^^ 
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Typical performance curves for LS 141 and LS 141A 



Fig. 16- Input bias current 
vs. ambient tem- 
perature 
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Fig. 17- Input resistance vs. 
ambient tempera- 
ture 
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Fig. 18-1 nput offset current 
vs. ambient tem- 
perature 
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Fig. 19- Output short-cir- 
cuit current vs. am- 
bient temperature 
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Fig. 20- Power consumption 
vs. ambient tem- 
perature 



•'tot 










































<n#o 




<«. 


^ 












































* 


































80 
















»« 


^ 














































•> 












































' 


>» 


•«, 
















































^ 






60 






































































































































































40 




































































v.=..JO 


V 




























































































20 

















































































































































































































Fig. 21 - Frequency charac- 
teristics vs. ambient 
temperature 
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Typical performance curves for LS 141C 



Fig. 22 -Input bias current 
vs. ambient tem- 
perature 
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Fig. 23- Input resistance vs. 
ambient tem- 
perature 
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Fig. 24- Input offset current 
vs. ambient tem- 
perature 



























































































































s 












































s 










































N 










































1 


N 










































'■ 


V. 






















































































^ 


■^ 


















































































































































































































































V^T15V 











































































































































































20 40 60 aOTambCC) 



20 i,0 60 80Ta^5(n:) 



20 40 60 80Tamb(°C) 



Fig. 25- Output short circuit 
current vs. ambient 
temperature 
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Fig. 26 - Power consumption 
vs. ambient tem- 
perature 
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Fig. 27 - Frequency charac- 
teristics vs. ambient 
temperature 
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TYPICAL APPLICATIONS 

Fig. 28- Clipping amplifier Fig. 29 - Simple integrator 



Fig. 30 - Simple differentiator 




AAf 




whef» V^ =Z«n»r breakdown voltage 
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LINEAR INTEGRATED CIRCUITS 



LS148 

LS148A 

LS148C 



OPERATIONAL AMPLIFIERS 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGE 

• NO LATCH-UP 

• SLEW-RATE = 5.5V/ius (G^ = 10, Cc = 3.5 pF) 

The LS 148 series consists of general purpose operational amplifiers, intended for a wide range of analog 
applications where tailoring of frequency characteristics is desirable. High common mode voltage range 
and absence of "Latch-up" tendencies make the LS 148 series ideal for use as a voltage follower.The high 
gain and wide range of operating voltage provide superior performance in integrators, summing ampli- 
fiers and general feedback applications. Unity gain frequency compensation is achieved by means of a 
single 30 pF capacitor. The LS 148 series is available with hermetic gold chip (8000 series). This is par- 
ticularly suitable for professional and telecom applications, wherever very high MTBF are required. 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


Minidip 


jupackage 


Vs 


Supply voltage 




±22V 




Vi(1) 


Input voltage 




±15V 




AVi 


Differential input voltage 




±30V 




'op 


Operating temperature for LS 148/LS 148A 
for LS 1480 

Output short circuit duration (2) 




-55 to 125 °C 
0to70°C 
indefinite 




Ptot 


Power dissipation at Tamb= 70°C 


520 mW 


665 mW 


400 mW 


Tstg 


Storage temperature 


-65 to 150 °C 


-55 to 150 °C 


-55to150°C 



1 ) For supply voltage less than ± 1 5V, input voltage is equal to the supply voltage 

2) The short circuit duration is limited by thermal dissipation. 



MECHANICAL DATA 



Dimensions in mm 




025"';",^ A.9^S.7 



TO-.99 



u u u a ' 




' *■ 


p,635'n* 


n n n A 






1 



Minidip 



SO-8 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 



(top views) 


1 FREQUENCY COMPENSATION! 
/ ^' — ' 




OFFSET i(:^ 
NULL P' 


-^ 


7t>V, 




INVERTING A, 
INPUT- Y^ 




6O0UTPUT 




NON INVERTIN6>^3 
INPUT. ^-\__^ 


^ 


^^NULL 



I FREQUENCY COMPENSATION! 



OFFSET NULLCZ I 
INVER. INPUT-C 2 



OUTPUT 
Z] OFFSET NULL 



I FREQUENCY COMPENSATION | 



OFFSET NULLC 
INVER. INPUT - CJ 2 
NON INVER. r- , 
INPUT* "— ^ 



J OUTPUT 

] OFFSET NULL 



Type 


(case) s-2852 

TO-99 


Minidip 


SO-8 


LS148 


LS148T 


- 


- 


LS 148A 


LS148 AT 


- 


- 


LS 148C 


LS 148CT 


LS148CB 


LS 148 CM 


LS8148 


- 


- 


LS8148M 


LS8148A 


- 


- 


LS 8148 AM 


LS8148C 


- 


- 


LS 8148 CM 



SCHEMATIC DIAGRAM 




THERMAL DATA 


TO-99 


Minidip 


SO-8 


Rth j-amb Thermal resistance junction-ambient max 


155°C/W 


120°C/W 


200* °C/W 


* Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm) 
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ELECTRICAL CHARACTERISTICS (see note) 



Parameter 






LS148 


LS 148A 


LS 148C 


Unit 




Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vqs Input offset 
voltage 


Tamb=25°C 
Rg< 10 kn 

Rg < 5on 




1 


5 




0.5 


2 




2 


6 


mV 
mV 




Tamb^ Tmin to Tmax 
Rg< 10 kl2 
Rg < 50n 




1 


6 




0.5 


3 






7.5 


mV 
mV 


AVqs Input offset 
voltage adjust, 
range 


Tamb=25°C 




±15 






±25 






±15 




mV 


AVqs Average input 

^j offset voltage 

drift 


Rg < 50n 










2.5 


15 








mV 

°C 


Iq5 Input offset 
current 


Tamb= 25° C 

Tamb- Tmin ^o T^ax 




20 
50 


200 
500 




2 


10 
25 




20 


200 
300 


nA 
nA 


AIqs Average input 














0.15 








nA 
°C 


/^j offset current 
drift 


lb Input bias 
current 


Tamb= 25° C 

^amb" Tmin to T^ax 




80 


500 
1.5 




20 


75 
0.1 




80 


500 
0.8 


nA 

mA 


Rj Input resistance 


Tamb= 25°C 


0.3 


2 




2 


10 




0.3 


2 




Win 


Vj Input voltage 
range 




±12 


±13 




±12 


±13 




±12 


±13 




V 


Gy Large signal 
voltage gain 


Tamb= 25° C 

RL.>2ki2 

Vs=±15V Vo=±10V 

Tamb^ Tmjn to Tmax 

RL.>2ki7 

Vs=±15V Vo=±10V 


94 
88 


104 




94 
88 


108 




86 
84 


104 




dB 
dB 


Vq Output voltage 
swing 


Vs=±15V 
Rl> 10 kn 
Rl_> 2kn 


±12 
±10 


±14 
±13 




±12 
±10 


±14 
±13 




±12 
±10 


±14 
±13 




V 
V 


Igc Output short 
circuit current 






25 






25 






25 




mA 


CMR Common mode 
rejection 


Rg< lOkn VcM=±12V 


70 


90 




80 


95 




70 


90 




dB 


SVR Supply voltage 
rejection 


Vs= ±5 to ± 20V 
Rg< 10 kn 


76 


90 




80 


97 




76 


90 




dB 


SR Slew rate 


Tamb=25°C 
Rl_>2kfl 


G^=1 




0.5 






0.5 






0.5 




V/ms 


Gv= 10* 




5.5 






5.5 






5.5 




V/ms 



'Cc = 3.5pF 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


LS148 


LS MSA 


LS 148C 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Transient respon. 
(unity gain) 

Rise time 
Overshoot 


Tamb= 25° C 
Vi=20mV Cc=30pF 
Rl_=2kn Cl<100pF 




0.2 
5 






0.2 
5 






0.2 
5 




% 


Is 


Supply current 


Tamb=25°C 




1.9 


2.8 




1.9 


2.8 




1.9 


2.8 


mA 


Ps 


Power 
consumption 


Tamb-25°C 
Vs= ±20V 
Vs=±15V 




60 


85 




60 


85 




60 


85 


mW 
mW 


Vs=±15V 
Tamb"" Tmax 




60 
45 


100 
75 




60 
40 


100 
75 




60 


100 


mW 
mW 



Note: These specifications, unless otherwise specified, apply for Vs= ±15V and Tamb^" -55 to 125°C for LS 148 and 
LS MSA. For LS 148C these specifications apply for Tarnb= to 70°C (Cc= 30 pF). 



Fig. 1 - Voltage offset null circuit 
Suggested 



Fig. 2 - Gain test circuit 



Alternate 




OIGITAL 1 

VOLTMETER SS0.47ajF 



-20VO O*?^ 




TOLERANCE OF 
ALL UNMARKED 
15V RESISTORS IS 1*/. 



FOR V| SPECIFIED 
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Typical performance curves for LS 148 



Fig. 3 - Input bias current 
vs. ambient tenn- 
perature 



Fig. 4- Input resistance vs. 
ambient tempera- 
ture 



Fig. 5 - Output short-cir- 
cuit current vs. am- 
bient temperature 
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Fig. 6 - Input offset current 
vs. ambient tem- 
perature 
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Fig. 7 - Power consumption 
vs. ambient tem- 
perature ^.3^,, 
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Fig. 8 - Frequency charac- 
teristics vs. ambient 
temperature ^_^ 
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Typical performance curves for LS 148C 



Fig. 9 - Input bias current 
vs. ambient tem- 
perature 



Fig. 10- Input resistance vs. 
ambient tempera- 
ture 



Fig. 1 1 - Output short-cir- 
cuit current vs. am- 
bient temperature 
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Fig. 12- Input offset cur- 
rent vs. ambient 
temperature ^.3^^^ 
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Fig. 13- Power consumption 
vs. ambient tem- 
perature ^.3^^^,, 



Fig. 14- Frequency charac- 
teristics vs. ambient 
temperature ^_,,„ 
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Typical performance curves for LS 148 and LS 148C 



Fig. 15- Open loop voltage 
gain vs. supply 
voltage 



Fig. 16- Output voltage 
swing vs. supply 
voltage 



Fig. 17- Power consumption 
vs. supply voltage 
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Fig. 18 - Output voltage 
swing vs. load 
resistance 



Fig. 19- Input offset cur- 
rent vs. supply 
voltage 



Fig. 20 -Input common 

mode voltage range 
vs. supply voltage 
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Fig. 21 - Input noise voltage 
vs. frequency 
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Fig. 22- Input noise current 
vs. frequency 



Fig. 23- Broadband noise 
for various band- 
widths 
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Fig. 24 -Open loop fre- 
quency and phase 
response vs. fre- 
quency 



Fig. 25- Output voltage 

swing vs. frequency 



Fig. 26 ~ Slew-rate 
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Fig. 27 - Compensation ca- 
pacitance vs. closed 
loop voltage gain 



Fig. 28- Input resistance and Fig. 29- Output resistance 
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input capacitance vs. 
frequency 3.„,,„ 
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Fig. 30- Frequency charac- 
teristics vs. supply 
voltage 
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Fig. 31 - Voltage follower 
transient response 
(unity gain) ,.^^,^ 
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Fig. 32 - Transient response 
test circuit 




Fig. 33- Voltage follower 
large-signal pulse 
response 
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Fig. 34- Feed forward com- 
pensation 
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TYPICAL APPLICATIONS 

Fig. 36 - Pulse width nnodulator 



Fig. 35 - Large signal feed 
forward transient 
response 
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LINEAR INTEGRATED CIRCUIT 



HIGH PERFORMANCE 80 dB COMPANDOR 

The LSI 50 is a monolithic integrated circuit in 14-lead dual in-line ceramic and plastic paci<ages; it per- 
forms signal level expansion in an 80-dB range [with an overall accuracy of ± 0.2 dB in a 60 dB range] 
and, when used in the feedback path of an operational amplifier, it performs complementary signal 
compression. The LSI 50 has been designed to improve audio channel signal-to-noise ratio according to 
CCITT recommendations which require an unaffected reference level of-14 dBm across 600a. The 
device can also be used to reduce crosstalk and may be converted into a unity gain amplifier for data 
transmission links by means of a simple switch without affecting output and input impedance levels. 
Another possible application is as a noise reducer and dynamic range expander in cassette tape recorders 
and intercoms. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


24 


V 


I5-6 


Differential current between pins 5 and 6 


20 


mA 


Vi 


Common mode input voltage 


Vs 




Tstg' Tj 


Storage and junction temperature 


-65 to 150 


°C 


Top 


Operating temperature 


-20 to 85 


°C 



ORDERING NUMBERS: LS150 CD (Ceramic package) 
LSI 50 CB (Plastic package) 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 
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THERMAL DATA 



Plastic 



Ceramic 



Rth j-amb Thermal resistance junction-ambient 



100°C/W 



120°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit of fig. 1, -V3= -12V;Tamb=25°C 
unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


ig Supply current 






5 


8 


mA 


R7 Input dynamic biasing resistance 
(pin 7) 


Li = -14dBv f = 800Hz 
External time constant 
2R1 • CI =20ms 




60 


90 


n 


Gv Gain 


-1 





+1 


dB 


AGv Gain variation 


Tamb=5to55°C 
AVs = ± 2% 




±0.2 
±0.03 




dB 
dB 


B Bandwith (-3 dB) 






500 




KHz 


Rq Output resistance 


Li = -14dBv 
f = 800 Hz 




25 


60 


n 


Rj. Input resistance (pin 5) 




100 




Kn 


d Distortion 




0.7 




% 


d3 Two-tone third order 
intermodulatlon 


fl=900Hz f2 = 1020Hz 
Vi = V2 = 88mV 




0.5 




% 


e|vj Output noise in psophonnetric 
band 






-100 




dBm 


A |g| Expansion accuracy after 
balancing 


Lj = -40 to -1 dBv , f = 800 Hz 
Tamb=5to55°C , f = 800 Hz 




0.1 
0.2 


0.2 
0.3 


dB 
dB 


loff Inhibit current consumption 
(pin 2) 






0.3 


1 


mA 


G Amplifier gain 


Inhibit ON (pin 2 grounded) 
f = 800 Hz 


-1.5 





+1.5 


dB 
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TEST AND APPLICATION CIRCUITS 

Fig. 1 - Expandor circuit 



Fig. 2 - Compressor circuit 




(*) S closed : unity gain amplifier. 
S open : expandor. 
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Fig. 3 - Compandor Characteristics 
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Fig. 4 - Comparison between LSI 50 per- 
formance (curve A) and limits from CCITT 
recommendation (curve B) - Green Book - 
Geneva 1972-G162. 



-10 Ao ♦^ dBmO 



255 



LS150 



Fig. 5 - Expandor gain vs. temperature 



Fig. 6 - Transient response 
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APPLICATION INFORMATION 

The fig. 7 shows the basic configuration (with relative signal levels) of a compandorized system. 

It Is clear the action against the line noise: the system using a compressor in sending and an expandor in 

receiving can improve very much the signal-to-noise ratio, especially with very high noise lines. 

By using the LSI 50 it is possible to built both the compressor and the expandor blocks. 

Fig. 7 - Compandorized system. 
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APPLICATION INFORMATION (continued) 

The basic bl^k diagram of an expandor is shown in fig. 8. The product of the input voltage Vj and its 

mean value Vj (obtained from the rectifier with time constant r) is supplied at the output of an "ideal" 

multiplier. 

Fig. 8 - Basic expandor circuit. Multiplier 
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The output voltage Vq is proportional to the product of Vj and Vj : 

Vo = KVj X v7 

where K is a factor that defines a level for unity gain. 

For a constant input level, __ 

Vo= KVjXVj= KVj2 

Expressing all levels in decibels relative to a reference level: 

V; (dB) = 20 logio V;' = 2 V; (dB). 

Signals with an input level equal to the reference level are unaffected by the expandor while higher levels 
are raised and lower levels attenuated. It is recommended by CCITT, and practically advantageous, that 
the unaffected level be - 14 dBv, a voltage corresponding to -14 dBm across 600^. A time constant for 
the average rectifier of 20 ms is also recommended, giving "syllabic" operation of the compandor. 

Fig. 9 - Basic compressor circuit, v: I>v^ 
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A compressor can easily be implemented with an expandor in the feedback path of an operational am- 
plifier (Fig. 9). Assuming infinite gain for the amplifier: 



Vj = KVo X Vc 



and for a constant input level 



vr= /^ 



K 



In decibels, with respect to the unaffected level, 

V; (dB) = 20 logio (V;) '^^ = i~V, (dB). 
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APPLICATION INFORMATION (continued) 

Design Constraints 

There are several constraints on the design of a compandor to be used in telecommunication equipment. 

Level: The reference (or unity gain) level is -14 dBv, i.e. 155 mV rms. For application in high-quality 
multiplexer transmission systems between exchanges, and expansion accuracy better than 0.2 dB in the 
same range (+40 to -25 dBmo) considered by CCITT for ail operating conditions is required. These par- 
ameters had to be compatible with mass production manufacturing techniques. Particularly when 
taking into account the low signal levels, this requirement is very demanding. It was the main target in 
designing the device and had a strong influence on the fabrication process, circuit configurations, and 
layout. 

Power Supply: The circuit has to operate with a single 12V negative supply, unregulated, and with 
relatively high noise. 

Input Impedance: This has to be precisely defined by an external resistor, which is the passive termination 
of an LC filter before the expandor. Thus the input impedance of the IC must be very high. A differen- 
tial input stage is preferable to reduce ground loop noise. 

Gain: The expandor (or compressor) shall not modify the level diagram of existing channel modems, 
already optimized for crosstalk and noise. This means that the gain at the unaffected level shall be dB, 
with small spread. 

Inhibition: It must be possible to inhibit the operation of the compandor for testing and maintenance 
purpose, and to allow the transmission of telegraph channels. 

Definition of units 

p 

dBmo : power level (10 log ^ ) is expressed in dBm when Pj is 1 mW, therefore dBm = 1 mW. 

dBm : the power is expressed in dBmo when referred to an established power level in the circuit, 
generally the output signal level. 

e.g.: if the output level is -15 dBm and this level is chosen as reference, then dBmo = -15 
dBm; if another signal, i.e. the distortion measured at the same point of the circuit, is 
-90 dBm, then the distortion is -75 dBmo. 

Vo 

dBv : 20 log ~;-f- when Vi = 775 mVrms. 
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LINEAR INTEGRATED CIRCUIT 



PRELIMINARY DATA 

TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY TONE GENERATOR 
INTERFACE 

The LSI 56 is a monolithic integrated circuit in 16-lead dual in-line plastic package to replace the hybrid 
circuit in telephone set. It works with the same type of transducers for both transmitter and receiver 
(typically piezoceramic capsules, but the device can work also with dynamic ones). Many of its electrical 
characteristics can be controlled by means of external components to meet different specifications. 
In addition to the speech operation, the LSI 56 acts as an interface for the MF tone signal (particularly 
for M761 C/MOS frequency synthesizer). 
The LSI 56 basic functions are the following: 

— It presents the proper DC path for the line current. 

— It handles the voice signal, performing the 2/4 wires interface and changing the gain on both sending 
and receiving amplifiers to compensate for line attenuation by sensing the line length through the line 
current. 

— It acts as linear interface for MF, supplying a stabilized voltage to the digital chip and delivering to 
the line the MF tones generated by the M761 . 



ABSOLUTE MAXIMUM RATINGS 



Vl 
II 
II 
Ptot 

' op 
Tstg. Ti 


Line voltage (3ms pulse duration) 

Forward line current 

Reverse line current 

Total power dissipation at Tamb= 70°C 

Operating temperature 

Storage and junction temperature 


22 

150 

-150 

1 

-45 to 70 

-65 to 150 


V 

mA 

mA 

W 

°C 

°C 



ORDERING NUMBER: LS 156B 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 
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TEST CIRCUITS 
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THERMAL DATA 



Rtn j-amb Thermal resistance junction-ambient 



max 80 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits, SI and S2 in (a), Tamb= -25 to 
+50°C, f = 200 to 3400 Hz, unless otherwise specified) 



Parameter 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Fig. 


SPEECH OPERATION 


Vi_ Line voltage 


Tamb= 25°C 


ll_=12mA 
1 L= 20 m A 
1 L= 80 m A 


3.9 




4.7 

5.5 

12.2 


V 




CMRR Common mode rejection 


f = 1 KHz Il= 12 to 80 mA 


50 






dB 


1 


Gg Sending gain 


Tamb=25°C f = 1 KHz 
VMr2mV 


lL=52mA 
lL=25mA 


44 
48 


45 
49 


46 
50 


dB 


2 


Sending gain flatness 


VMI=2mV fref=1KHz 

1 L= 1 2 to 80 m A 






± 1 


dB 


2 


Sending distortion 


f = 1 KHz 

Il= 12 to 80 mA 


Vso=1V 
Vso=1.3V 






2 
10 


% 


2 


Sending noise 


VivirOV Il= 40 mA 




-70 




dBmp 


2 


Microphone input 
impedance pin 1-16 


VMr2mV lL.= 12to80mA 


40 






Kn 




Sending loss in MF 
operation 


VMI=2mV 
S2 in (b) 


lL=52mA 
1 L= 25 mA 


-30 
-30 






dB 


2 


Gr Receiving gain 


Vri=0.3V 
f=1 KHz 
Tamb=25°C 


lL=52mA 
lL=25mA 


3 

7 


4 
8 


5 
9 


dB 


3 


Receiving gain flatness 


Vr,= 0.3V fref= 1 KHz 

Il= 12 to 80 mA 






± 1 


dB 


3 


Receiving distortion 


f =1 KHz 


Il= 12 mA Vro= 1.6V 
lL=12mA Vro=1.9V 
lL=50mA Vro= 1.8V 
lL=50mA Vro=2.1V 






2 
10 

2 
10 


% 


3 


Receiving noise 


Vr|=OV li_=12to80mA 




150 




mV 


3 


Receiver output impedance 
pin 12-13 


Vro= 50 mV Il= 40 mA 






100 


n 




Sidetone 


f = 1 KHz 
Tamb7 25°C 
Si in (b) 


1 1_= 52 mA 
1 1_= 25 mA 






36 
36 


dB 


2 


Z|y||_ Line matching impedance 


Vr,= 0.3V f=1 KHz 

Il= 12 to 80 mA 


500 


600 


700 


n 


3 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Fig- 


MULTIFREQUENCY SYNTHESIZER INTERFACE 


Vdd MF supply voltage 

Stand by 


Il= 12 to 80 mA 


2.4 


2.5 




V 


- 


\qq MF supply current 

Stand by 
Operation 


1 1_= 1 2 to 80 mA 

Il= 12 to 80 mA; S2 in (b) 


0.5 
2 






mA 


- 


MF amplifier gain 


l|_= 12 to 80 mA 

fMFin=1 KHz 
VMFin=80mV 


15 




17 


dB 


4 


Vj DC input voltage level 
(pin 14) 


VMFin=80mV 




■3Vdd 




V 


- 


Rj Input impedance (pin 14) 


Vm Fin=80mV 


60 






Kn 


- 


d Distortion 


VMFin=110mV 
1 L= 1 2 to 80 mA 






2 


% 


4 


Starting delay time 


1 L= 1 2 to 80 m A 






5 


ms 


- 


Muting threshold voltage 
(pin 3) 


Speech operation 






1 


V 


- 


MF Operation 


1.6 






V 


- 


Muting stand by current 
(pin 3) 


Il= 12 to 80 mA 






-10 


juA 


- 


Muting operating current 
(pin 3) 


l|_= 12 to 80 mA S2 in (b) 






+ 10 


mA 


— 



263 



LS156 



CIRCUIT DESCRIPTION 
1. DC characteristic 

In accordance with CCITT recommendations, any device connected to a telephone line must exhibit a 
proper DC characteristics Vl, II. 

The DC characteristic of the LS 156 it is determined by the shunt regulator (block 2) together with two 
series resistors R^ and R3. The equivalent circuit of the total system is shown in fig. 5. 

Fig. 5 - Equivalent DC load to the line 




A fixed amount Iq of the total available current l|_ is drained for the proper operation of the circuit. 

The value of Iq can be programmed externally by changing the value of the bias resistor connected to 

pin 4 (see block diagram). 

The recommended minimum of Iq is 7.5 mA. 

The voltage Vq — 3.8V of the shunt regulator is independent of the line current. 

The shunt regulator (2) is controlled by a temperature compensated voltage reference (1) (see the block 

diagram). 

Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 



Fig. 6 - Circuit configuration of the shunt regulator 
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CIRCUrr DESCRIPTION (continued) 

The difference II - Iq flows through the shunt regulator being lb negligible. 

Ig is an internal constant current generator; hence Vq = Vb^di + I3 • R3 = 3.8V. The Vl, II charac- 
teristic of the device is therefore similar to a pure resistance in series to a battery. 

It is important to note that the DC voltage at pin 5 is proportional to the line current (Vs^ V7 + Vb^di — 
(Il-Io)R3 + Vbedi)- 

2. 2/4 wires conversion 

The LS156 performs the two wires (line) to four wires (microphone, earphone) conversion by means of 
a Wheatstone bridge configuration so obtaining the proper decoupling between sending and receiving 
signals (see fig. 7). 



Fig. 7 - Two to four wires conversion 




For a perfect balancing of the bridge 



Zl _ 



3l 
R2 



The AC signal from the microphone is sent to one diagonal of the bridge (pin 6 and 9). A small percentage 

of the signal power is lost on Zq (being Zq > Z^); the main part is sent to the line via Rj. 

In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 

(pin 1 1 and 10). After amplification it is applied to the receiving capsule. 

The impedance Z^ is simulated by the shunt regulator that is also intended to work as a transconduc- 

tance amplifier for the transmission signal. 



The impedance Z^ is defined as 



AV6-9 
AI6-9 



From fig. 6, considering Ci as a short circuit for AC signal, any variation AVg generates a variation. 

AV7 = AVa = AVe • ^""p 
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CIRCUIT DESCRIPTION (continued) 
The corresponding current change is 



Al = 4^ 



Therefore 

The total impedance across the line connections (pin 1 1 and 9) is given by 

Zml= Ri + Zm//(R2 + Zb) 

By choosing Z^ > Ri and Zg > Z^ 

R 
Zml — Zm = R3 C + ~p — ) 

The received signal amplitude across pin 11 and 10 can be changed using different values of Ri (of 

Z R 

course the relationship -zf=- — —^ must be always valid). 
^B R2 

The received signal is related to Ri value according to the approximated relationship 

Note that by changing the value of Rj, the transmission signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 

3. Automatic gain control 

The LSI 56 automatically adjusts the gain of the sending and receiving amplifiers to compensate for line 

attenuation by sensing the line length through the line current. 

The line current is sensed across R3 (see fig. 6) and transferred to pin 5 by the regulator. 

V5 = Vbedi + V7 ^ Vbedi + («L - io) • Ra- 

The pin 5 V5 voltage, after a comparison with an internal reference Vrefg (see the block diagram) is 

used to modify the gain of the amplifiers (4) and (5) on both the sending and receiving path. 

The starting point of the automatic level control is obtained at II = 25 mA when the drain current 

lo = 7.5 mA. 

Minimum gain is reached for a line current of about 52 mA for the same drain current [0= 7.5 mA. 

When lo is increased by means of the external resistor connected to pin 4, the two above mentioned 

values of the line current for the starting point and for the minimum gain increase accordingly. 

Automatic switching of the balance network Zb for a better sidetone is performed by the LSI 56 

through V5 information. This information, proportional to the line length, drives the comparator {7b) 

(see the block diagram). 

For long lines, the impedance level of Zg is high (pin 8 open) and the additional +1 dB gain is added to 

the receiving amplifier chain. 
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CIRCUIT DESCRIPTION (continued) 

For short lines, the impedance level of Zq is automatically switched to a lower value (pin 8 shorted to 
ground) and the additional +1 dB block is bypassed by the received signal. 
A built in hysteresis circuit avoids uncertain operation of the comparator. 

4. Transducers interfacing 

The microphone amplifier (3) has a differential input stage with high impedance (=40 Kn) so allowing 

a good matching to the microphone by means of external resistors without affecting the sending gain. 

The receiving output stage (6) is particularly intended to drive piezoceramic capsules. [Low output 

impedance (lOOn max); high voltage swing (close to V|_ ); current capability of 1 .8 mAp]. 

When a dynamic capsule is used, it is useful to decrease the receiving gain by decreasing R^ value (see the 

relationship for Vr). 

With very low impedance transducer, DC decoupling by an external capacitor must be provided to 

prevent a large DC current flow across the transducer itself due to the receiving output stage offset. 

5. Multifrequency interfacing 

The LS156 acts as a linear interface for the Multifrequency synthesizer M761 according to a logical 
signal (mute function) present on pin 3. 

When no key of the keyboard is pressed the mute state is low and the LS156 feeds the M761 through 
pin 15 with low current (standby operation of the M761). The oscillator of the M761 is not operating. 
When one key is pressed, the M761 sends a "high state" mute condition to the LS156. A voltage com- 
parator (9) of LS156 drives internal electronic switches: the current delivered by the voltage supply (10) 
is increased to allow the operation of the oscillator. This extra current is diverted by the receiving and 
sending section of the LSI 56 and during this operation the receiving output stage is partially inhibited 
and the input stages of sending and receiving amplifiers are switched OFF. 

A controlled amount of the signalling is allowed to reach the earphone to give a feedback to the sub- 
scriber; the MF amplifier (1 1 ) delivers the dial tones to the sending paths. 

The application circuit shown In fig. 9 fulfils the EUROPE li standard (-6, -8 dBm). If the EUROPE I 
levels are required (-9, -1 1 dBm), an external divider must be used (fig. 11). 
The mute function can be used also when a temporary inhibition of the output signal Is requested. 



APPLICATION INFORMATION 

Fig. 8 - Application circuit with multifrequency (EUROPE II std.) 




267 



LS1S6 



APPLICATION INFORMATION (continued) 

Fig. 9 - Application circuit with multifrequency (EUROPE I std.) Fig. 10 - External mute function 



* TOLLERANCE =t2'lo 











11 
15 

3 

U 


L5 156 

7 










18 

M761 

15 


^DD 










Miito 


15 


\ 




3^.8 r^* 


Vdd 

MUTE 


LSI 


18 


15 

16 

8 

17 


KA 


J 





3 




A.87Kn 




MF INPUT 


Speech 






5-^139 


M761 


1^* 

820pF^ 

1 — 1 i 20.5r 

^30Kn T »< ^- 


1* 




with MF 


15 

L5156 






82Kil 

Sl20pF 






9 








30 n 

T 




1) 


3 


S0.33;jF 


.^ 










J 




S-^MO 










J 


. 


S-5 


387 




without MF 



Fig. 1 1 - Application circuit without multifrequency. 
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The circuits shown in fig. 8 and fig. 11 are referred to the Italian standard. The fig. 10 shows the con- 
nection for mute function (inhibition of the output stage when it is requested) by using an external 
switch at pin 3. 

Different values for the external components can be used in order to satisfy different requirements. The 
following table can help the designer. 
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APPLICATION INFORMATION (continued) 



Component 


Value 


Purpose 


Note 


Ri 


68 n 


Bridge 
Resistors 


Ri controls the receiving gain. 
The ratio R2/R1 fixes the amount of signal de- 
livered to the line. Ri helps in fixing the DC 
characteristic (see R3 note). 


R2 


330 n 


R3 


30 n 


Line current 
sensing. 
Fixing DC 
characteristic. 


The relationships involving R3 are: 

• Zml= (2OR3 //Zb) + Ri 
. ^ ^ Zl//Zml 

R3 

• Vl= (II - lo) (R3 + Rl) + Vo; Vo= 3.8V. 
Without any problem it is possible to have a 
Zml ranging from 500 up to 900 n. 


R4 


13 Kn 


Bias 
Resistor 


The suggested value assures the minimum operating 
current. It is possible to increase the supply current 
by decreasing R4 (they are inversely proportional), 
in order to achieve the shifting of the AGC starting 
point. (See fig. 12). 


R5 


7.5 Kn 


Balance 
Network 


The balance network has two possible impedance 
levels, selected by the circuit referring to the line 
current (i.e. to the line length) in order to optimize 
the sidetone. It's possible to change R5, Rg, R7 
values in order to improve the matching to dif- 
ferent lines; in any case: 

^ = 2 with the two possible values for Zg: 
Zl Ri 

Zb(1) = R7 + R6//C4 (long lines) 

Zb(2) = R? + (R6 // R5) // C4 (short lines) 

(see fig. 13). 


R6 


5.1 Ka 


R7 


1 Kn 


Rg-Rs' 


1.8 Ka 


Receiver 

impedance 

matching 


Rg and Rg' must be equal; the suggested value is 
good for matching to piezoceramic capsule; there is 
no problem in increasing and decreasing (down to 
n) this value, but when low resistance levels are 
used a DC decoupling must be inserted to stop the 
current due to the receiver output offset voltage 
(max 400 mV). 


R9 


3.6 Kn 


Microphone 

impedance 

matching 


The suggested value is typical for a piezoceramic 
microphone, but it is possible to choose R9 in a 
wide range. 


Ci 


IOmF 


Regulator 
AC bypass 


A value greater than 10 nF gives a system start 
time too high for low current line during MF 
operation; a lower value gives an alteration of the 
AC line impedance at low frequency. 


C2 


47 nF 


Matching to 
a capacitive line 


C2 changes with the characteristics of the transmis- 
sion line. 
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APPLICATION INFORMATION (continued) 



Component 


Value 


Purpose 


Note 


C3 


82 nF 


Receiving gain 
flatness. 


C3 depends on balancing and line innpedance versus 
frequency. 


C4 


22 nF 


Balance 
network. 


See note for R7, Rg, R5. 


Cs 


0.33 ^lf 


DC filtering 


The C5 range is from 0.1 juF to 0.47 ^lF. The 
lowest value is ripple limited, the higher value is 
starting up time limited. 


C6-C7 


lOOOpF 


RF bypass. 




Cs 


ImF 


DC decoupling for 
receiving input. 





Fig. 12 - Sending and re- 
ceiving gain vs. line current 
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Fig. 13 - Balance network 
impedance vs. line current 
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LINEAR INTEGRATED CIRCUIT 



HIGH RELIABILITY TRANSISTOR ARRAY 

The LS159 is an array of 5 NPN transistors on a common monolithic substrate in an SO-14 (14-lead 
plastic micropackage). This package is easily mounted on thick and thin film hybrid circuits. Two 
transistors are internally connected to form a differential amplifier. The transistors of the LSI 59 are well 
suited to low noise general purposes and to a wide variety of applications in low power systems in the 
DC through VHF range. They may be used as discrete components in conventional circuits; in addition 
they provide the very significant inherent integrated circuit advantages of close electrical and thermal 
matching. The device is also available with a ermetic goldchip (LS8159M) that is particularly suitable 
for professional and telecom applications, wherever very high MTBF are required. This performance is 
guaranteed by silicon nitride sealing of chip surface and Ti-Pt-Au metallization, protected with a double 
passivated layer, providing resistance against contamination, electrolytic corrosion and electromigration. 



ABSOLUTE MAXIMUM RATINGS 


Each 


Total 






transistor 


package 


VcBO 


Collector-base voltage {Ie= 0) 


20 V 





VcEO 


Collector-emitter voltage {Ib= 0) 


15V 


- 


Vcss* 


Collector-substrate voltage 


20 V 


— 


Vebo 


Emitter-base voltage (lc= 0) 


5V 


- 


Ic 


Collector current 


50 mA 


— 


Ptot 


Total power dissipation at Tamb^ 25°C 


. 250 mW 


500 mW, 


Tstg' Tj 


Storage, and junction temperature 


-55to150°C 




Soldering dip or wave at 5 s 


260 °C 




11 s 


235 °C 



*) The collector of each transistor of the LS159 is isolated from the substrate by an integrated diode. 

The substrate (pin 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor action. 



ORDERING NUMBERS: LS 159M - LS8159M 
MECHANICAL DATA 



Dimensions in mm 



|.' 7.62 „ , J' 



0.25""'" 



n 
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SCHEMATIC DIAGRAM 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 250 



= C/W 



ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


■cBO Collector cutoff current 
(Ie = 0) 


VcB=10V 




0.002 


40 


nA 


1 


Irpo Collector cutoff current 
{Ib = 0) 


VcE= 10V 




see 
curve 


0.5 


mA 


2 


I'bi~'b2I Input offset current 


lc=1mA VcE= 3V 




0.3 


2 


mA 


7 


VcBO Collector-base voltage 
{Ie = 0) 


!c= 10mA 


20 


60 




V 


- 


^CEO Collector-emitter 
voltage (Ib = 0) 


lc= 1 mA 


15 


24 




V 


- 


Vqss Collector-substrate 
voltage (Icss^ 0) 


lc= lOjuA 


20 


60 




V 


- 


VcE(sat) Collector-emitter 
saturation voltage 


lc=10mA lB=1mA 




0.23 




V 


- 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


Vebo 


Emitter-base voltage 
(lc = 0) 


Ie=10mA 


5 


7 




V 


- 


Vbe 


Base-emitter voltage 


Ie= 1 mA 
Ie= 10mA 


>> 

CO CO 

II II 

UJ UJ 

>> 




0.71 
0.8 




V 
V 


4 


|Vbe1-VbE2I 


Input offset voltage 


Ic = 1 mA 


VcE=3V 




0.45 


5 


mV 


4-6 


|Vbe3-VbE4I 


Input offset voltage 


|VbE4-VbE5I 


Input offset voltage 


|VbE5-VbE4I 


Input offset voltage 


AVbe 


Base-emitter voltage 
temperature coefficient 


lc= 1 mA 


VcE=3V 




-1.9 




mV/°C 


5 


AT 


|Vbei-Vbe2I 

AT 


Input offset voltage 
temperature coefficient 


lc = 1 mA 


VcE=3V 




1.1 




Mvrc 


6 


hpE 


DC current gain 


lc = 10mA 
lc= 1 mA 
lc= IOmA 


VcE= 3V 
VcE=3V 
VcE=3V 


40 


100 
100 
54 




— 


3 


fy 


Transition frequency 


lc = 3 mA 


VcE=3V 


300 


550 




MHz 


14 


NF 


Noise figure 


lc= lOOjuA 
Rg= 1 kn 


VcE= 3V 
f = 1 kHz 




3.25 




dB 


8 


hie 


Input impedance 


lc = 1 mA 
f =1 


VcE=3V 
KHz 




3.5 




kn 


9 


hfe 


Forward current 
transfer ratio 




110 




_ 


hre 


Reverse voltage 
transfer ratio 




LSxIO--* 




_ 


hoe 


Output admittance 




15.6 




nS 


Vie 


Input admittance 


lc=1mA VcE=3V 
f = 1 MHz 




0.3+J0.04 




mS 


11 


Vfe 


Forward 
transadmittance 




31-J1.5 




mS 


10 


Vre 


Reverse 
transadmittance 




see curve 




mS 


13 


Voe 


Output admittance 


O.OOI+jO.03 


mS 


12 


Cebo 


Emitter-base 
capacitance 


ic = o 


Veb= 3V 




0.6 




pF 


- 


Ccbo 


Collector-base 
capacitance 


Ie = 


VcB= 3V 




0.58 




PF 


- 


Cess 


Collector-substrate 
capacitance 


ic = o 


Vcss= 3V 




2.8 




pF 


- 
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Fig. 1 - Collector cutoff 
current vs. ambient tenn- 
perature 
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Fig. 2 - Collector cutoff 
current vs. annbient tem- 
perature 



Fig. 3 - DC current gain 
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Fig. 4 - Input voltage and 
input offset voltage vs. 
emitter current 
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Fig. 5 - Input characteristics 
for each transistor 
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Fig. 6 - Input offset voltage 
vs. ambient temperature 
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Fig. 7 - Input offset current 
for matched transistor pair 
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Fig. 8 - Noise figure vs. 
collector current 
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Fig. 9 - Normalized h para- 
meters vs. collector current 
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Fig. 10 - Forward admit- 
tance vs. frequency 
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Fig. 11 - Input admittance 
vs. frequency 
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Fig. 12 - Output admittance 
vs. frequency 
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Fig. 13- Reverse admittance 
vs. frequency 



Fig. 14 - Transition fre- 
quency vs. collector current 
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LINEAR INTEGRATED CIRCUITS 



HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER 

• SINGLE OR SPLIT SUPPLY OPERATION 

• LOW POWER CONSUMPTION 

• SHORT CIRCUIT PROTECTION 

• LOW DISTORTION, LOW NOISE 

• HIGH GAIN-BANDWIDTH PRODUCT 

• HIGH CHANNEL SEPARATION 

The LS 204 is a high performance dual operational amplifier with frequency and phase compen- 
sation built into the chip. The internal phase compensation allows stable operation as voltage follower in 
spite of its high gain-bandwidth products. The circuit presents very stable electrical characteristics over 
the entire supply voltage range, and it is particularly intended for professional and telecom applications 
(active filters, etc.). The LS 204 series is available with hermetic gold chip (8000 series). 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


Minidip 


ju package 


Vg Supply voltage 




±18V 




Vj Input voltage 




±Vs 




Vi Differential input voltage 




±(V3-1) 




Top Operating temperature for LS 204 




-25 to 85° C 




LS 204A 




-55 to 125°C 




LS 2040 




0to70°C 




Ptot Power d issipation at Tamb"^ 70°C 


520 mW 


665 mW 


400 mW 


Tj Junction temperature 


150°C 


150°C 


150°C 


Tstg Storage temperature 


-65 to 150°C 


-55 to 150°C 


-55 to 150°C 



MECHANICAL DATA 



Dimensions in mm 



025""? . A.9^S.7 



UJ*^" . 1 




/"" \je 


n 




m 


iT 7.62 . 




L 



TO-99 



Xi u u & 




u u ii 



IVIinidip 



SO*-8 



6/82 



276 






CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 





OUTPUT ( 

A 


1 8 


INV INP 1 
A 1 


2 7 


NON INV. 1 
INP A 1 


3 6 I 


M 


sf 



OUTPUT 
B 

INV. INP 



Type 


TO-99 


Minidip 


SO-8 


LS204 


LS 204 T 




LS 204 M 


LS 204 A 


LS 204 AT 






LS 204 C 


LS 204 CT 


LS 204 CB 


LS 204 CM 


LS 8204 






LS 8204 M 


LS 8204 A 






LS 8204 AM 


LS 8204 C 






LS 8204 CM 



SCHEMATIC DIAGRAM (one section) 



INVERTING NON INVERTING 

INPUT INPUT 

9 9 




THERMAL DATA 


TO-99 


Minidip 


SO-8 


Rth j-amb Thermal resistance junction-amb lent max 


155°C/W 


120°C/W 


200*°C/W 


* Measured with the device mounted on a ceramic substrate (25x16x96 mm) 
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ELECTRICAL CHARACTERISTICS (y,= ± 15V, Tamb= 25°a unless otherwise specified) 


Parameter 


Test conditions 


LS 204/LS204A 


LS 204C 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Is Supply current 






0.7 


1 




0.8 


1.5 


mA 


lb Input bias current 


Tmin *^ ^op < T^ax 




50 


150 




100 


300 


nA 






300 






700 


nA 


Rj Input resistance 


f =1 KHz 




1 






0.5 




Mn 


Vqs Input offset voltage 


Rg< 10 Kn 




0.5 


2.5 




0.5 


3.5 


mV 


Rg <10Kn 

Tmin ^ ''"op ^ Tmax 






3.5 






5 


mV 


^^os Input offset voltage drift 

AT 


Rg= lOKn 

• min "^ 'op ^ 'max 




5 






5 




AxV/°C 


Iqs Input offset current 






5 


20 




12 


50 


nA 


Tmin ^ ^op ^ 'max 






40 






100 


nA 


OS Input offset current drift 


"•"min <Top < Tmax 




0.08 






0.1 




nA 
°C 


AT 


Igc Output short circuit 
current 






23 






23 




mA 


Gy Large signal open loop 
voltage gain 


•"min '^ 'op ^ 'max 

RL=2Kn Vs=±15V 

Vs= ± 4V 


90 


100 
95 




86 


100 
95 




dB 


B Gain-bandwidth product 


f = 20 KHz 


1.8 


3 




1.5 


2.5 




MHz 


eisi Total Input noise voltage 


f =1 KHz 
Rg = 50n 
Rg = 1 Kn 
Rg = 10 Kn 




8 
10 
18 


15 




10 
12 
20 




nV 


n/Hz 


d Distortion 


Gv=20dB RL=2Kn 
Vo= 2 Vpp f = 1 KHz 




0.03 


0.1 




0.03 


0.1 


% 


Vq DC output voltage swing 


RL=2Kn Vs=±15V 
Vs=± 4V 


±13 


±3 




±13 


±3 




V 


Vq Large signal voltage swing 


RL=10Kn 
f = 10 KHz 




28 






28 




Vpp 


SR Slew rate 


unity gain 
RL=2Kn 


0.8 


1.5 






1 




V/ms 


CMR Connmon nnode rejection 


Vi=10V 

Tmin < "'"op < T^ax 


90 






86 






dB 


SVR Supply voltage rejection 


VpIV f=100Hz 
Tmin "^ Top <TfY^ax 


90 






86 






dB 


CS Channel separation 


f = 1 KHz 


100 


120 






120 




dB 



Note: 





LS204 


LS 204A 


LS 204C 


T^min. 


-25° C 


-55° C 


o°c 


^max. 


+85° C 


+125°C 


+70° C 
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Fig. 1 - Supply current vs. 
supply voltage 
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Fig. 2 - Supply current vs. 
ambient tennperature 
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Fig. 3 - Output short circuit 
current vs. ambient tem- 
perature 
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Fig. 4 - Open loop fre- 
quency and phase response 
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Fig. 5 - Open loop gain vs. 
ambient temperature 
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Fig. 6 - Supply voltage re- 
jection vs. frequency 
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Fig. 7 - Large signal fre- 
quency response 
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Fig. 8 - Output voltage 
swing vs. load resistance 
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Fig. 9 - Total input noi; 
vs. frequency 
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APPLICATION INFORMATION 



Active low-pass filter: 

BUTTERWORTH 

The Butterworth is a "maximally flat" amplitude response filter. 
Butterworth filters are used for filtering signals in data acquisition 
systems to prevent aliasing errors in sampled-data applications and 
for general purpose low-pass filtering. 

The cutoff frequency, fc/ 's the frequency at which the amplitude 
response is down 3 dB. The attenuation rate beyond the cutoff fre- 
quency is -n6 dB per octave of frequency where n is the order (number 
of poles) of the filter. 
Other characteristics: 

• Flattest possible amplitude response, 

• Excellent gain accuracy at low frequency end of passband 



Fig. 10 -Amplitude response 
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BESSEL 

The Bessel is a type of "linear phase" filter. Because of their linear 
phase characteristics, these filters approximate a constant time delay 
over a limited frequency range. Bessel filters pass transient waveforms 
with a minimum of distortion. They are also used to provide time 
delays for low pass filtering of modulated waveforms and as a"running 
average" type filter. 

The maximum phase shift is "J^ radians where n is the order (num- 
ber of poles) of the filter. The cutoff frequency, fc, is defined as the 
frequency at which the phase shift is one half of this value. For accu- 
rate delay, the cutoff frequency should be twice the maximum signal 
frequency. The following table can be used to obtain the -3 dB fre- 
quency of the filter. 





2 pole 


4 pole 


6 pole 


8 pole 


-3 dB frequency 


0.77 fc 


0.67 fc 


0.57 fc 


0.50 fc 



Fig. 1 1 -Amplitude response 



Other characteristics: 

• Selectivity not as great as Chebyschev or Butterworth. 

• Very little overshoot response to step inputs 

• Fast rise time. 



CHEBYSCHEV 

Chebyschev filters have greater selectivity than either Bessel or Butter- 
worth at the expense of ripple in the passband. 

Chebyschev filters are normally designed with peak-to-peak ripple 
values from ± 0.2 dB to ± 2 dB. 

Increased ripple in the passband allows increased attenuation above 
the cutoff frequency. 

The cutoff frequency is defined as the frequency at which the ampli- 
tude response passes through the specified maximum ripple band and 
enters the stop band. 
Other characteristics: 

• Greater selectivity 

• Very nonlinear phase response 

• High overshoot response to step inputs 
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Fig. 12 -Amplitude response 
(± 1 dB ripple) 
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APPLICATION INFORMATION (continued) 

The table below shows the typical overshoot and settling, time response of the low pass filters to a step 
input. 





NUMBER 


PEAK 
OVERSHOOT 


SETTLING TIME (% of final value) 




OF POLES 














% Overshoot 


± 1% 


± 0.1% 


± 0.01% 




2 


4 


1.1 /fc sec. 


1 .7/fc sec. 


1 .9/fc sec. 


BUTTERWORTH 


4 
6 


11 
14 


1.7/fc 
2.4/fc 


2.8/fc 
3.9/fc 


3.8/fc 
5.0/fc 




8 


16 


3.1 /fc 


5.1 fc 


7.1 /fc 




2 


0.4 


0.8/fc 


1 .4/f c 


1 .7/fc 


BESSEL 


4 
6 


0.8 
0.6 


1.0/fc 
1.3/fc 


1 .8/fc 
2.1 /fc 


2.4/fc 
2.7/fc 




8 


0.3 


1.6/fc 


2.3/fc 


3.2/fc 




2 


11 


1.1 /fc 


1.6/fc 


_ 


CHEBYSCHEV 


4 


18 


3.0/fc 


5.4/fc 


- 


(RIPPLE ±0.25dB) 


6 


21 


5.9/fc 


10.4/fc 


- 




8 


23 


8.4/fc 


16.4/fc 


- 




2 


21 


1.6/fc 


2.7/fc 


_ 


CHEBYSCHEV 


4 


28 


4.8/fc 


8.4/fc 


- 


(RIPPLE ± 1 dB) 


6 


32 


8.2/fc 


16.3/fc 


- 




8 


34 


1 1.6/fc 


24.8/fc 


- 



Design of 2"^ order active low pass filter 

(Sallen and Key configuration unity gain op-amp) 



Fig. 13 - Filter configuration 






i D 




nVt 



V-. 



1 +2g 



CJn 



S2 



where: 

CJc = 27r fc with fc= cutoff frequency 

J = damping factor. 
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APPLICATION INFORMATION (continued) 

Three parameters are needed to characterise the 
frequency and phase response of a 2^^ order ac- 
tive filter: the gain (Gy), the damping factor {^) 
or the Q-f actor (Q= (2 ^)-i),and the cutoff fre- 
quency (fc). 

The higher order responses are obtained with a 
series of 2"^ order sections. A simple RC section 
is introduced when an odd filter is required. 
The choice of 'f' (or Q-factor) determines the 
filter response (see table). 



Fig. 14 - Filter response vs. damping factor 
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Tab. 



Filter response 


? 


Q 


Cutoff frequency 
fc 


Bessel 


V3 
2 


1 


Frequency at which 
phase shift is -90° 


Butterworth 


VT 


1 


Frequency at which 
Gv= -3 dB 


2 


V^ 


Chebyschev 


2 


>'^ 


Frequency at which 
the amplitude 
response passes 
through specified 
max. ripple band 
and enters the stop 
band 



Fixed R= Ri = R2,we have (see fig. 13) 

1 X 



Cn = 



1" ^ 
^ J_ 

R ?CJc 



1 



The diagram of fig. 14 shows the amplitude response for different 
5 (f/v values of damping factor ^ in 2"ci order filters. 



EXAMPLE: 

Fig. 15 - 5**^ order low pass filter (Butterworth) with unity gain configuration. 

|C2 ||Ca S-3566 




2 "border 
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APPLICATION INFORMATION (continued) 

In the circuit of fig. 15, for fc = 3.4 KHz and 
Rj= Ri= R2= f<3= ^4= 10 Kn, we obtain: 



J_ 1 
R ' 27r fc 

1 1 





R 


27rfe 


C2 = 1.753 


1 
R 


1 
27rfc 


C3 = 0.309 


1 
R 


1 

27rfc 


C4 = 3.325 


1 
R 


1 

27rfc 



6.33 nF 



1.97 nF 



8.20 nF 



1.45 nF 



15.14nF 



The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 15 KHz. 



Tab. II 

Damping factor for low-pass Butterworth filters 



1 

Order 


1 


Cl 


C2 


C3 


C4 


C5 


C6 


C7 


C8 


2 




0.707 


1.41 














3 


1.392 


0.202 


3.54 














4 




0.92 


1.08 


0.38 


2.61 










5 


1.354 


0.421 


1.75 


0.309 


3.235 










6 




0.966 


1.035 


0.707 


1.414 


0.259 


3.86 






7 


1.336 


0.488 


1.53 


0.623 


1.604 


0.222 


4.49 






8 




0.98 


1.02- 


0.83 


1.20 


0.556 


1.80 


0.195 


5.125 



The same method, referring to Tab. II and fig. 
16, is used to design high-pass filter. In this 
case the damping factor is found by taking the 
reciprocal of the numbers in Tab. II. For f^ 
= 5KHz and Cj = Ci = C2 = C3 = C4 = 1 nF 
we obtain: 



^ --^l-oix- = 23.5 Kf2 



1.354 C 27rfc 



R^=-;A7^'^^^ = 75.6 K12 



1 0.421 C 27rfc 
1 1 1 



Rp = 



2 1.753 C 27rfc 
1 1 1 



3 0.309 C 27rfc 
1 1 1 



Ra = 



4 3.325 C 27rf^ 



18.2 K12 



103 K^ 



= 9.6 Kn 



Fig. 16 - 5*"^ order high-pass filter (Butterworth) with unity gain configuration. 
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LINEAR INTEGRATED CIRCUITS 



TELEPHONE SPEECH CIRCUITS 

The LS285 and LS285A are monolithic integrated circuits for replacement of the hybrid circuit (2-4 

wire interface) in conventional telephones interfacing the two transducers to the line and providing a 

controlled amount of sidetone. 

The same type of transducer can be used for both transmitter and receiver, usually a 350n dynamic 

type. 

By sensing the line current, LS285 and LS285A adjust the gain in both directions to compensate for line 

attenuation. 

Output Impedance can be matched to the line, independent of transducer impedance. 

The LS285 and LS285A are packaged in a 14 lead dual in-line plastic package. 



ABSOLUTE MAXIMUM RATINGS 



Vl 


Line voltage (3 ms pulse duration) 


22 


V 


II 


Forward current 


120 


mA 


II 


Reverse current 


-150 


mA 


Pfot 


Total power dissipation at Tamb'^ 70°C 


1 


W 


Tstg 


Storage and junction temperature 


-55 to 150 


°C 


Top 


Operating temperature 


-40 to 70 


^C 



ORDERING NUMBERS: LS285 B 
LS285 AB 



MECHANICAL DATA 



Dimensions in mm 




, n,n n n, 



u u u u u u 



6/82 
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CONNECTION DIAGRAM (top view) 
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10 
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7 
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DESCRIPTION 

The LS285 and the LS285A are based on a bridge configuration. 
They contain a regulator block, a sending annplif ier and a receiver 
amplifier. 

The regulator monitors the line current and adjusts the amplifier 
gain to compensate for the line length. It provides DC charac- 
teristics in line with CEPT standards. 

The transmit/receiver amplifiers are connected to the line via an 
external bridge to provide sidetone attenuation. 
The line current compensation ensures that when the subscriber 
is talking, the signal delivered to the line is increased in according 
to the line lenght. When he is hearing, the signal level on the 
receiver capsule is constant. 

The amplifiers can also be matched to different transducers 
simply by varying external components. Gain variation over the 
operating temperature range is less than ± 1 dB. 
The impedance to the line can be adjusted; without any change 
in circuit parameters; by changing an external resistor (6.8 Ka 
at pin 2). 



Basic circuit configuration 




Fig. 1 - Test circuit 
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Fig. 2 - Sending gain 



Fig. 3 - Receiving gain 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 80 °C/W 
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ELECTRICAL CHARACTERISTICSiRefer to the test circuits, Tamb= -15 to +45°C, f = 300 Hz 
to 3400 Hz; unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


V|_ Line voltage 


1 1_= 80 mA 
1 L= 20 mA 
Il= 10 mA 


10 
5 
3.8 




11.5 
5.8 
4.6 


V 


1 


Gg Sending gain 


f = 1 KHz 

Tamb=25°C 

(LS285) 


Il= 10 mA 
1 L= 20 mA 
1 L= 40 mA 
1 L= 60 m A 
lL=80mA 


46.5 
46.5 
43.5 
41 
40 




49.5 
48.5 
45.5 
43 
43 


dB 


2 


f = 1 KHz 

Tamb=25°C 

(LS285A) 


Il= 10 mA 
lL=20mA 
1 L= 60 mA 
1 L= 80 mA 


46.5 

40.7 
40 




50.5 
49.5 
44 
44 


dB 


2 


AGs Sending gain variation 


Refer to the value at Tamb^25°C 






± 1 


dB 


2 


Sending gain flatness 


fref= I KHz l|_= 10 to 80 mA 






±0.5 


dB 


2 


Sending distortion 


1 L= 1 to 1 5 mA; Vso= 0.7 Vp 






2 


% 


2 


Il= 15 to 80 mA; Vso= 1 Vp 






2 


% 


Sending noise 


Vmi=OV lL=60mA 






-73 


dBmp 


2 


Microphone amplifier 
impedance (pin 9-10) 




45 




85 


a 


1 


Max sending output (°) 


Il= 10 to 80 mA 
VMr1V 






3 


Vp 


2 


Gr Receiving gain 


f = 1 KHz 

Tamb=25°C 

(LS285) 


Il= 10 mA 
lL=20mA 
1 L= 40 mA 
1 L= 60 mA 
lL=80mA 


-13 
-13 
-16 
-18 
-19 




-10 
-11 
-14 
-16 
-16 


dB 


3 


f = 1 KHz 

Tamb=25°C 

(LS285A) 


Il= 10 mA 
1 L= 20 mA 
lL=60mA 
lL=80mA 


-13.6 

-13.6 

-18 

-19 




-10 

-10.6 

-15 

-16 


dB 


3 


AGr Receiving gain variation 


Refer to the value atTamb^25°C 






± 1 


dB 


3 


Receiving gain flatness 


W= 1 KHz lL=10to80mA 






±0.5 


dB 


3 



°) This output is limited to allow for input overvoltages. 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


Receiving distortion 


LS285 


Il= 10 to 15 mA 
VRo=350mVp 






2 


% 


3 


Il= 15 to 80 mA 
VRo=600mVp 






2 


LS 285A 


l|_= 15 to 80 mA 
VRo=500mVp 






2 


% 


3 


Receiving noise 


Vr|=OV l|_=60mA 
psophometric 






100 


mV 


3 


Receiving amplifier 
output innpedance 
(pin 1-14) 




60 




100 


r2 


1 


Max receiving output 
current 


Il= 10 to 80 mA 
VRrlOV 






2 


mA 


3 


Sidetone 


f = 1 KHz 
Tamb=25°C 


lL=20mA 




7 




dB 


4 


1 L= 60 mA 









dB 


Return loss 


$2 in a 


12 






dB 


5 


$2 in b 


12 






dB 



Fig. 6 - Typical application circuit 
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APPLICATION INFORMATION 



The following table shows the recommended values for the typical application circuit of fig. 6. Different 
values can be used and notes are added in order to help designer. 



Component 


Recommended 
Value 


Purpose 


Note 


R1 


75 12 


Bridge resistors 


The ratio R2/R1 fixes the amount of the 
signal delivered to the line, (see fig. 7) 


R2 


536 n 


R3 


16.2 Kn 


Bias resistor 


Changing R3 value it is possible to shift the 
gain characteristics. 

The value can be chosen from 15 Kn to 20 
Kn. The recommended value assures the 
maximum swing (see fig. 9). 


R4 


2.05 Kf2 


Balance network 


In order to optimize the sidetone it is possible 
to change R4 and R5 values. In any case; 

Zl_ = _51_ where Zb= R4 + R5//C4. 
Z|_ R1 


R5 


9.09 Kn 


R6 and R6' 


260 n 


Microphone impedance 
matching 


R6 and R6' must be equal; 250n is a typical 
value for dynamic capsules. 
Furthermore, they determine a sending gain 
variation according to: 

AH - 9n \r\n ^ 


where Rx = R6 + R6' + Rmike- The trend of 
AGs as a function of Rx value is shown in fig. 8. 


R7andR7' 


100 n 


Receiver impedance 
matching 


R7 and R7' must be equal; lOOil is a typical 
value for dynamic capsules 


CI 


IOmF 


AC loop opening 


Ensures a high regulator impedance for AC 
signals (^ 20 K12). 

This capacitor should not be higher than 10 
juF in order to have a short response time of 
the system. 


C2 


22 nF 


Matching to a capacitive 
line 


C2 changes with the characteristics of the 
transmission line. 


C3 


82 nF 


High frequency roll-off 


C3 determines the high frequency response 

of the circuit. 

It also acts as RF bypass. 


C4 


22 nF 


Balance network 


See note for R4 and R5. 


C5 


ImF 


DC decoupling for 
receiving input 




C6 and C7 


1000 pF 


RF bypass 
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APPLICATION INFORMATION (continued) 



Fig. 7 - Receiving gain 
variation vs. R1 value (with 
fixed R1/R2 ratio) 



Fig. 8 - Sending gain varia- 
tion vs. Rx value (see note 
for R6 and R6') 
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Fig. 9 - Sending and receiv- 
ing gain variation vs. line 
current 
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LINEAR INTEGRATED CIRCUIT 



PROGRAMMABLE TELEPHONE SPEECH CIRCUIT 

The LS288 is a monolithic integrated circuit in 16 lead dual in-line plastic package. Designed as a repla- 
cement for the hybrid circuit in telephone sets it performs all the functions previously carried out by 
this circuit. 

With the LS288 it is possible to select the operating mode (fixed or variable gain). The device works with 
both piezoceramic and dynamic transducers and therefore its gain, both in sending and receiving paths, 
can be preset by means of two external resistors. This feature can also be obtained in AGO operating 
mode, when the device automatically adjusts the Rx/Tx gains to compensate for the line attenuation by 
sensing the line current. 

The LS288 can supply the decoupling FET when working with an electret microphone. Output impe- 
dance can be matched to the line independently of transducer impedance. 



ABSOLUTE MAXIMUM RATINGS 



Vl 


Line voltage (3 ms pufse duration) 


22 


V 


«L 


Forward line current 


150 


mA 


•l 


Reverse line current 


-150 


mA 


Ptot 


Total power dissipation at Tamb= 70°C 


1 


W 


Top 


Operating temperature 


-45 to 70 


°C 


Tstg,Tj 


Storage and junction temperature 


-65 to 150 


°C 



ORDERING NUMBER : LS288 B 



MECHANICAL DATA 



Dimensions in mm 




. 6.4^^" 



r-=^ 



Oit 



7-6 



19.A6"^ 



n n n n n n n, 



] 



u a u'u u uu 



6/82 
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CONNECTION DIAGRAM 

(top view) 
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TEST CIRCUITS 

Fig. 1 - Test Circuit 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 80 °C/W 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuits, Tamb= 25 to +50°C, f = 200 
to 3400 Hz, II = 12 to 120 mA, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 



AGC off (pin 1 floating) 



V|_ Line voltage 


Il= 15 mA 

T _ ocor l| = 22 mA 
Tamb- 25 C ,L^ ^^ ^^ 

1 L= 1 20 mA 


4.1 


4.5 


4.9 
5.4 

10 

14 


V 


1 


CMRR Common mode rejection 


f = 1 KHz 




50 




dB 


2 


Gs Sending gain (*) 


l|_= 15 mA 

Tamb= 25°C R7 = 8 Kf2 

f-1 KHz R7=29Kn 

P8 = 17Kn R7=47Kn 

VMi=3mV 


40 


26 
41 
51 


42 


dB 


3 


AGs Sending gain flatness (vs. freq.) 


flTl^K^H^z .Lref=60mA 






±0.5 


dB 


3 


AGs Sending gain flatness (vs. current) 






±0.5 


dB 


ds Sending distortion 


f = 1 KHz Vso= 450 mV 

Gc= 42 dB 

^ Vso=775mV 






2 

5 


% 


3 


Sending noise 


Gs=42dB VivirO 






-72 


dBmp 


3 


R2_3 Microphone input impedance 
pin 2-3 


VMrSmV 


11 


15 




Ka 


3 


Gr Receiving gain (*) 


lL=15mA 

Tamb=25°C Rg = 8 Kfi 
f = 1 KHz Rg = 17 Kn 
R7 = 29 Kn Rg = 23 Kn 
Vr,= 0.3V 


4 


-6 

5 
14 


6 


dB 


4 


AG R Receiving gain flatness (vs. freq.) 


fir 'khz '-f=60mA 






±0.5 


dB 


4 


AGr . Receiving gain flatness (vs. current) 






±0.5 


dB 




dR Receiving distortion 


f=1KHz VR|=570mV 
GR=-3dB 
^ Vr,= 1.2V 






2 

5 


% 


4 


Receiving noise 


GR=0dB 
Vr,= 




250 




mV 


4 


R9-10 Receiver output impedance 
(pin 9 and 10) 


VRo=50mV 




20 




n 


4 


Sidetone 


f = 1 KHz 
Gs= 42 dB 
GR=-3dB 




15 




dB 


3 


Z|^^j_ Line matching impedance 


Vr,= 0.3V f = 1 KHz 


650 


750 


850 


n 


4 


Max receiving output (click 
suppressor) 


Vr,= 2V 
GR = OdB 




2.3 




Vp 


4 


VsM Microphone supply voltage 
(pin 11) 


ISM= 0-8 mA 


1.9 




2.1 


V 


1 



(*)The sending and receiving gains are not completely independent but the variation in sending gain over the whole 
range of receiving gain (and vice-versa) is less than 0.5 dB. 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Fig. 



AGC on (pin 1 grounded) 



AGs and Sending and receiving gain 
AGp^ variation (**) 


Tamb=25°C 
f = 1 KHz 


Il= 25 mA 
Il= 50 mA 
Il= 110mA 


-1 
-6 
-7 




+ 1 
-4 
-5 


dB 


3-4 



(**) Referred to any value fixed by means of R7 and Rg. 



CIRCUIT DESCRIPTION 

1 . DC Characteristic 

In accordance with CCITT recommendations, any device connected to a telephone line must exhibit a 
proper DC characteristic Vl, I|_. 

The DC characteristics of the LS288 is determined by the shunt regulator (block 2) together with two 
series resistors Ri and R3 (see the block diagram). The equivalent circuit is shown in fig. 5. 



Fig. 5 - Equivalent DC load to the line 




A fixed amount, Iq, of the total available current, II, is drained to allow the circuit to operate correctly. 
The value of Iq can be programmed externally by changing the value of the bias resistor connected to 
pin 12. 
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CIRCUIT DESCRIPTION (continued) 

The recommended minimum value of Iq is 7.5 mA with R pin 12=13 Kr2 . 

The voltage Vq = 3.8V of the shunt regulator is independent of the line current. 

The shunt regulator (block 2) is controlled by a temperature compensated voltage reference (block 1). 

Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 

Fig. 6 - Circuit configuration of the shunt regulator 




The difference II - I© flows through the shunt regulator since lb is negligible. 

la is an internal constant current generator; hence Vq = Vg + ig * Rg = 3.8V. 

The Vl_, II characteristic of the device is therefore similar to a pure resistance in series with a battery. 

It is important to note that the DC voltage at pin 16 is proportional to the line current Vi6= V^s +Vb = 

(Il-Io) R3 +Vb. 



2. Two to four wires conversion 

The LS288 performs the two wire (fine) to four wire (microphone, earphone) conversion by means of a 
Wheatstone bridge configuration thus obtaining the proper decoupling between sending and receiving 
signals (see fig, 7). 

Z R 

For a perfect balancing of the bridge *" = —^ — 

^B R2 

The AC signal from the microphone is sent to one diagonal of the bridge (pin 8 and 14). A small per- 
centage of the signal power is lost on Z^ (since Zq > Zi_); the main part is sent to the line via Rj. 
In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 
(pin 6 and 7). After amplification it is applied to the receiving capsule. 

The Impedance Z^ is simulated by the shunt regulator which also acts as a transconductance amplifier 
for the transmission signal. 

The impedance Z^ is defined as i^^-B) 



A! 



(14-8) 
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CIRCUIT DESCRIPTION (continued) 
Fig. 7 - Two to four wires conversion 

5^^ EARPHONE 




Z, LINE 



From fig. 6, considering Ci as a short circuit to the AC signal, any variation in AV14 generates a varia- 
tion as follows: 



AVi5= AVa= AV, 



Rh 



R. +Rh 



The corresponding current change is: 



Al = 



AVi 



therefore 



Zm =4^^^= R3(1+-^^) 



R. 



Al 



Rh 



The total impedance across the line connections (pin 13 and 8) is given by 

Zml = Ri + Zm//(R2 +Zb) 
By choosing Z^ > Ri and Zq> Z^ 



Zml — Z^/, 



= R3 (1 + -^ 



The amplitude of the signal received across pins 6 and 7 can be changed using different values of Rj. 

Z R 

(Of course the relationship -— ^ = --^ must always be valid). 
Zb R2 
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The received signal is related to the value of R^ according to the approximated relationship: 

Ri 



= Vp 



Note that if the value of Rj is changed the transmission signal current is not changed, since the micro- 
phone amplifier is a transconductance amplifier. 

3. Input and output amplifiers 

The microphone amplifier (4) has a differential Input stage with high impedance (min 11 Kn) so allow- 
ing a good matching to the microphone by means of an external resistor without affecting the sending 
gain. 

The receiving output stage (8) is intended to drive both plezoceramic and dynamic capsules. It has low 
output Impedance, a maximum voltage swing greater than 2 Vp and a peak current of 2 mA. 
With very low impedance transducers, DC decoupling by an external, capacitor must be provided to 
prevent a large DC current flow across the transducer itself due to the receiving output stage offset. 

4. Gain Control 

It is possible to set the LS288 gain characteristics by means of one pin (pin 1 ). 

When the pin 1 Is floating, the gains of the sending and receiving amplifiers do not depend on the line 
current (AGC off). When the pin 1 is grounded the LS288 automatically changes the gain to compensate 
for line attenuation (AGC on). 

4.1. AGC OFF 

In this conditions, as already mentioned, both the sending and the receiving gain are fixed. Their values 
are determined, independently for the two paths, by the two external resistors Ry (for Tx, between pin 
4 and ground) and Rg (for R^, between pin 5 and ground). Ry values ranging from 8 Kfi up to 50 Kn 
giving sending gains from 26 dB to 51 dB. Rg values range from 8 Kn to 23 Ka giving receiving gains 
from -6dB to + 14dB (see fig. 9 and 10). 
This allows the LS288 to be used with a variety of different transducers. 



Fig. 9 - Sending gain vs. 
Ry value (AGC off) 
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Fig. 10 - Receiving gain vs. 
Rg value (AGC off) 
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DESCRIPTION CIRCUIT (continued) 

4.2. AGO ON 

Starting from any couple of gain values, fixed by the appropriate values of Ry and Rg, the LS288 can 

automatically change the sending and receiving gains depending on the line current. 

The line current is sensed across R3 (see fig. 7) and transferred to pin 16 by the regulator. 

V16 = Vb +V15 = Vb +(Il-Io)- R3 

Following comparison with an Internal reference Vrefg (see the block diagram) the voltage at pin 16 

is used to modify the gain of the amplifiers (5) and (7) on both the sending and receiving paths. 

The starting point of the automatic level control is obtained at l|_ = 25 mA when the drain current 

lo = 7.5 mA. 

The external resistors Ry and Rg fix the maximum value for the gains. 

Minimum gain is reached for a line current of about 110 mA when the same drain current Ip of 7.5 mA 

is used. 

When Iq is increased by means of the external resistor connected to pin 12 the two above mentioned 

line current values for the starting point and for the minimum gain increase accordingly. 



5. DC Shunt Regulator 

The LS288 has built into the chip a DC shunt regulator intended to supply the coupling FET when an 
electret microphone is used. It delivers 1 mAp current with a voltage of 2 Volts (typ) regardless of the 
line current. 



Fig. 1 1 - Typical application circuit (piezoceramic transducers) cs 
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CIRCUIT DESCRIPTION (continued) 

Fig. 12 - Application circuit with electret microphone 
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The following table can be helpful to the designer when choosing different values for the external 
components; it refers to the typical application circuit of fig. 1 1 . 



Component 


Value 


Function 


Note 


Ri 


39.2 i7 


Bridge 
Resistors 


Rl controls the receiving gain. 

The ratio R2/R1 fixes the amount of 

signal delivered to the line. Ri helps in 

fixing the DC characteristic (see R3 

note) 


R2 


392 n 


R3 


33.2 n 


Line current sensing 

Fixing DC 
characteristic 


The relationships involving R3 are: 
-2ml=(25R3//Zb) + Ri 

^^"^* R3 
-Vl={Il-Io) (R3 + Ri) + Vo 
[Vo= 3.8V] 

Values of Z|^|_ ranging from 650 up to 
850n are easily obtainable. 


R4 


2.2 Kn 


Balance 
Network 


In order to optimize the sidetone it is 
possible to change R4 and R5 values; in 
any case the following relationship 
applies: 

-=^ = -5^ where Zq= R4+R5//XC3 
Zl Ri 


R5 


lOKfi 
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APPLICATION INFORMATION (continued) 



Component 


Value 


Function 


Note 


R6 


13 Kn 


Bias Resistor 


The suggested value assures the mini- 
mum operating current. 
It is possible to increase the supply 
current by decreasing Re (they are 
inversely proportional), in order to 
achieve the shifting of the AGC starting 
point 


R? 


8 to 50 Kn 


Sending gain 
programming Resistor 




Rs 


8 to 23 Kfl 


Receiving gain 
programming Resistor 




R9, R9' 


1.8 Ka 


Receiver impedance 
matching 


R9 and R9' must be equal; the suggested 
value is good for matching to piezocera- 
mic capsule; there is no problem in in- 
creasing and decreasing (down to Of2) 
this value, but when low resistance levels 
are used DC decoupling must be inserted 
to stop the current due to the receiver 
output offset voltage (max 400 mV). 


Rio 


4Kn 


Microphone 
impedance matching 


The suggested value is typical for a pie- 
zoceramic microphone, but it is possible 
to choose Rio from a wide range of 
values: RMike = Rlo//Rpin 2-3- 


Ci 


10/xF 


Regulator AC 
bypass 


A value greater than 10 juF gives a 
system start time too high for low line 
current. A lower value gives an alteration 
of the AC line impedance at low 
frequency. 


C2 


1 mF 


DC decoupling for 
receiving input 




C3 


10 nF 


Balance network 


See note for R4 and R5 . 


C4 


47 nF 


Matching to a 
capacitive line 


C4 must be chosen according to the 
characteristics of the transmission line. 


C5 


82 nF 


Receiving gain 
flattness 


C5 depends on balancing and line im- 
pedance versus frequency. 


C6, C7 


1000 pF 


RF bypass 
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LINEAR INTEGRATED CIRCUIT 



MULTIFREQUENCY TO TELEPHONE LINE INTERFACE CIRCUIT 

The LS342 is a monolithic integrated circuit in dual in-line minidip plastic package. It interfaces the 
nnultifrequency tone diallers M751 and M761/761 A to the line in telephone sets, perfornning the follow- 
ing functions: 

— Adjustment of the DC current/voltage characteristic and AC input line impedance by means of an 
external resistor (Re). 

— Sending to the line of the multifrequency signal. 

— Adjustment of the signal level by means of an external resistor (Rj). 

— Stabilized supply voltage to the tone dialler. 



ABSOLUTE MAXIMUM RATINGS 



Vl 


Maximum line voltage (pulse duration < 10 ms) 


22 


V 


II 


Maximum forward current 


155 


mA 


II 


Maximum reverse current 


-150 


mA 


Ptot 


Total power dissipation at Tamb- 70°C 


800 


mW 


■op 


Operating temperature 


-40 to 70 


°C 


Tst9,Tj 


Storage and junction temperature 


-55 to 150 


°C 



ORDERING NUMBER: LS342D 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 



MULTIFREQUENCY INPUT 
REGULATOR AC BYPASS [ 2 




SIGNAL LEVEL 
ADJUSTMENT 

BIAS 

1 +Vl AND MF OUTPUT 

AC /DC CHARACT. ADJUST 



BLOCK DIAGRAM 



SHUNT 
REGUL. 



"X" 



VOLTAGE 
REFERENCE 



DIFFER. 
STAGE 




DC CHARACT 
AND AC IMP 
ADJUSTMENT 



DESCRIPTION 

The LS342 interface the M751 and M761/761A tone diallers with the telephone line. Power is only 
applied to the system when the handset is lifted and a key pressed. At this time SI is also switched (see 
fig. 2) disconnecting the speech circuit from the line and connecting the dialling circuit. 
In the dialling condition the LS342 performs 3 functions: 

1) D.C. and A.C. line termination 

2) Tone dialler power supply 

3) Amplification and transmission of tone pairs. 

In the initial stage of switch-on the supply voltage Vdd is regulated at = 4 volt. This overdrives the 

M751/761/761A internal oscillator causing a rapid start-up and therefore rapid generation of output 

tones. 

When the system reaches its normal operating point the supply voltage Vpo is stabilized at 2.5V ± 4%. 



THERMAL DATA 



Rthj-amb Thermal resistance junction-ambient 



max 100 °C/W 
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ELECTRICAL CHARACTERISTICS (lL=10to100 mA; Tamb= 25 to +60°C; f = 1 KHz; S in 
(b), unless otherwise specified). 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vl_ Line voltage 


Ei = 


Il= 10 mA 
1 L.= 1 7 mA 
Il= 60 mA 
Il= 150 mA 




4.2 
4.6 
6.3 
9.8 


4.5 
5 

6.8 
11.5 


V 


Gg Sending gain 


Tamb=25°C Ei = 50mV 
f = 500 Hz to 2 KHz 


12.4 




14 


dB 


AGs Sending gain spread over 
temperature 








±0.2 


dB 


THD* Distortion 


Sin (a) Ei = 120 mV ** 






2 


% 


S in (c) Ei= 95 mV ** 






2 


Ar Return loss 


ZREF=600n 

f = 300 Hz to 3.4 KHz 


14 






dB 


^OUT Output impedance (pins 6, 4) 


Ce=2.2)uF RE=39n 




750 




a 


Vqd Supply voltage for digital device 


Tamb=25°C 


2.4 


2.5 


2.6 


V 


Idd Supply current for digital device 


Vdd= 2.4V 


1.8 






mA 


ts*** Start-uptime 








5 


msec 


Z||vi Input impedance (pin 1) 




4 






Mn 



* The distortion of the device is not affected by a signal coming from the line with the following levels: -13 dBm 

if Il= 10 mA, -8 dBm if l|_= 20 mA. 
** The different AC and DC levels are intended to simulate the limit working operation of the digital devices M751, 

M761,M761A. 
** The time necessary because the AC signal is varying within ± 1 dB of its steady-state value. 



Fig. 1 -Test circuit 
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APPLICATION IIMFORMATION 



The table shows the recommended values for the circuit of fig. 2. 



Component 


Recomm. 
value 


Purpose 


Note 


Re 


39 f2 


DC characteristic 

AC impedance 
adjustment 


The relationships involving R^ are: 

• Vl=(Il-Io)Re+Vo 

where Iq = 6 mA and Vq s 4V 

• Zo = 22RE(f =1 KHz) 

The following relationship must be always verified 

n - ^^'^'- 

^ " (Il-Io)Zl-22Vp 
where Vp is the maximum peak value of the MF signal in the line and 
Z|_ is the line impedance. 


Rp 


5.6 Kn 


Bias resistor 


Rp can be reduced in order to increase the output current from pin 3 
(Vqd). In this case, the total current consumption is increased. 


Rt 


71. 5n 


Signal level 
adjustment 


The MF gain is: 


Rt 
The recommended value for Ry is good to set the Europe 1 standard 
(-9 dBm, -11 dBm). If the Europe II or the American Standard is 
required, Ry must be decreased. In the mean time, the minimum 
operation current will increase because the pin 8 voltage is fixed by an 
internal reference (190 mV typ.). 


Ce 


2.2 mF 


Regulator AC 
bypass 


A value greater than 2.2 juF gives a system start time too high when line 
current is between 10 mA and 17 mA. A value less than 2.2 juF gives an 
alteration of the AC line impedance because its reactance is not negli- 
gible at low frequencies. 


Cf 


0.33 juF 


DC filtering 


The Cf range is from 0.33 juF to 0.47 juF. The lowest values is ripple 
limited, the higher values is starting up time limited. 


Cl 


30 nF 


Matching to a 
capacitive line 


This is needed with a capacitive line because the output impedance of 
the LS342 is essentially resistive. The range of C|_ is between 30 and 60nF. 



Fig. 2 - Application circuit with M751/M761 A. 
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TELEPHONE SPEECH CIRCUIT WITH MULTI FREQUENCY TONE GENERATOR 
INTERFACE 

The LS356 is a monolithic integrated circuit in 16-iead dual in-line plastic package to replace the 
hybrid circuit in telephone set. It works with the same type of transducers for both transmitter and 
receiver (typically dynamic capsules, but the device can also work with pm^oceramic ones). Many of its 
electrical characteristics can be controlled by means of external components to meet different speci- 
fications. 

In addition to the speech operation, the LS356 acts as an interface for the MF tone signal (particularly 
for M761 C/MOS frequency synthesizer). 
The LS356 basic functions are the following: 

— It presents the proper DC path for the line current. 

— It handles the voice signal, performing the 2/4 wires interface and changing the gain on both sending 
and receiving amplifiers to compensate for line attenuation by sensing either the line current or the 
line voltage. In addition, the LS356 can also work in fixed gain mode. 

— It acts as linear interface for MF, supplying a stabilized voltage to the digital chip and delivering to 
the line the MF tones generated by the M761. 



ABSOLUTE MAXIMUM RATINGS 



Vu 


Line voltage (3 ms pulse duration) 


22 


V 


II 


Forward line current 


150 


mA 


II 


Reverse \me current 


-150 


mA 


Ptot 


Total power dissipation at Tamb= "70° C 


1 


W 


' op 


Operating temperature 


-45 to 70 


°C 


Tstg.Ti 


Storage and junction temperature 


-65 to 150 


°C 



ORDERING NUMBER: LS356B 
MECHANICAL DATA 



Dimensions in mm 




, 6.4"^^" 



0^ 



7.6 



19.46"^ 



.n n n 



■U'U'U'')Zl U U'LtU 
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CONNECTION DIAGRAM 

(top view) 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 80 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits, Vq = 1 to 2V, II = 12 to 

80 mA, SI and S2 in (a), Tamb= "25 to +50°C, f = 200 to 3400 Hz, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


SPEECH OPERATION 


V|_ Line voltage 


Tamb=25°C lL=12mA 
lL=20mA 
1 1_= 80 mA 


3.9 




4.7 

5.5 

12.2 


V 


- 


CMRR Common mode rejection 


f = 1 KHz 


50 






dB 


1 


Gs Sending gain 


Tamb=25°C f=1KHz Vg= 2V 
V^,= 3mV Vg=1V 


44 
48 




46 
50 


dB 


2 


Sending gain flatness 
(vs. frequency) 


VMrSmV fref=1KHz 






± 1 


dB 


2 


* Sending gain flatness 
(vs. current) 








±0.5 


dB 


2 


Sending distortion 


f = 1 KHz Vso= IV 
Vso=1.3V 






2 
10 


% 


2 


Sending noise 


Vis/irOV Vg=iv 




-70 


dBmp 


2 


Microphone input impedance 
(pin 1-16) 


VMl=3mV 


40 






Kn 


— 


Sending gain in MF operation 


VMrSmV 
S2 in (b) 


-30 






dB 


2 


Gr Receiving gain 


Vr,= 0.3V Vg=2V 
f = 1 KHz Vg= IV 
Tamb= 25°C 


-3 
-1 


-4 



-5 
1 


dB 


3 


Receiving gain flatness 
(vs. frequency) 


Vr,= 0.3V fref= 1 KHz 






± 1 


dB 


3 


* Receiving gain flatness 
(vs. current) 








±0.5 


dB 


3 


Receiving distortion 


f = 1 KHz Vro= 400 mV 
Vro= 480 mV 




10 


2 


% 


3 


Receiving noise 


Vr,= OV 




100 




mV 


3 


Receiver output impedance 
(pin 12-13) 


VRo=50mV 






100 


n 


— 


Sidetone 


f=1KHz Tamb=25°C 
SI in (b) 






36 


dB 


2 


Z|y/||_ Line matching impedance 


Vr,= 0.3V f = 1 KHz 


500 


600 


700 


n 


3 


\q Input current for gain control 
(pin 8) 








-10 


juA 


~ 



Fixed gain mode. 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


MULTIFREQUEIMCY SYNTHESIZER INTERFACE 


Vdd ^^ supply voltage (Standby 
and operation) 


S2 in (b) 


2.4 


2.5 




V 


- 


Iqd MF supply current Standby 
Operation 


S2 in (b) 


0.5 
2 






mA 


- 


MF amplifier gain 


^MF in^ ^ KHz 
VMFin=80mV 


15 




17 


dB 


4 


V| DC input voltage level 
(pin 14) 


VMFin=80mV 




,0,3 
Vdd 




V 


- 


R| Input impedance (pin 14) 


VMFin=80mV 


60 






KD. 


- 


d Distortion 


VMFin=110mV 






2 


% 


4 


Starting delay time 








5 


ms 


- 


Muting threshold voltage 
(pin 3) 


Speech operation 






1 


V 


- 


MF operation 


1.6 






V 


- 


Muting standby current (pin 3) 








-10 


mA 


- 


Muting operating current (pin 3) 


S2 in (b) 






+ 10 


ISA 


- 
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CIRCUIT DESCRIPTION 

1 . DC characteristic 

The fig. 5 shows the DC equivalent circuit of the LS356. 

Fig. 5 - Equivalent DC load to the line 




^L LINE 



A fixed amount Iq of the total available current II is drained for the proper operation of the circuit. 

The value of Iq can be progrannmed externally by changing the value of the bias resistor connected to 

pin 4 (see block diagram). 

The minimum value of lo is 7.5 mA. 

The voltage Vq = 3.8V of the shunt regulator is independent of the line current. 

The shunt regulator (2) is controlled by a temperature compensated voltage reference (1) (see the block 

diagram). 

Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 

Fig. 6 - Circuit configuration of the shunt regulator 




The difference Il-Iq flows through the shunt regulator being 1^ negligible. 

la is an internal constant current generator; hence Vq = Vg + U ' Ra = 3.8V. 

The Vl, \i_ characteristic of the device is therefore similar to a pure resistance in series to a battery. 

It is important to note that the DC voltage at pin 5 is proportional to the line current {V5 = V7 + Vg = 

(Il-Io)R3+Vb). 
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CIRCUIT DESCRIPTION (continued) 

2. Two to four wires conversion 

The LS356 performs the two wires (line) to four wires (microphone, earphone) conversion by means of 
a Wheatstone bridge configuration so obtaining the proper decoupling between sending and receiving 
signals (see fig. 7). 



Fig. 7 - Two to four wires conversion 



For a perfect balancing of the bridge 




Z, LINE 



The AC signal from the microphone is sent to one diagonal of the bridge (pin 6 and 9). A small per- 
centage of the signal power is lost on Zb (being Zq > Zi_); the main part is sent to the line via R1. 
In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 
(pin 1 1 and 10). After amplification it is applied to the receiving capsule. 

The impedance Z^ is simulated by the shunt regulator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 

The impedance Z^ is defined as — — ^^^. 

From fig. 6 considering C1 as a short circuit for AC signal, any variation AVe generates a variation: 



AV7 = AVa = AVg 
The corresponding current change is 

A! = 



Ra +Rb 



AV7 



Therefore 



R3 



-^^ = R3 (1 + 



Al 
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CIRCUIT DESCRIPTION (continued) 

The total impedance across the line connections (pin 1 1 and 9) is given by 

Zml= R1 +Zm//(R2+Zb) 

By choosing Z^ > R1 and Zg > Zj^i 

Zml = Zm = R3{1 +-^) 

The received signal amplitude across pin 11 and 10 can be changed using different values of R1 (of 

course the relationship Z^IZ^ = R1/R2 must be always valid). 

The received signal is related to R1 value according to the approximated relationship: 

Note that by changing the value of R1, the transmission signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 



3.Automatic gain control 

The LS356 automatically adjusts the gain of the sending and receiving amplifiers to compensate for line 

attenuation. 

This function is performed by the circuit of fig. 8. 

Fig. 8 




The differential stage is progressively unbalanced by changing Vq in the range 1 to 2V (Vr^fg 's an 
internal reference voltage, temperature compensated). 

It changes the current Iq, and this current is used as a control quantity for the variable gain stages (am- 
plifier (4) and (5) in the block diagram). The voltage Vq can be taken; 

a) from the LS356 itself (both in variable and in fixed mode) and 

b) from a resistive divider, directly at the end of the line. 

a) In the first case, connecting Vq (pin 8) to the regulator bypass (pin 5) it is possible to obtain a gain 
characteristic depending on the current. 
In fact (see fig. 6): 

Vg = Vb +V7=Vb +(Il-Io) R3 

The starting point of the automatic level control is obtained at 1^= 25 mA when the drain current 
lo = 7.5 mA. 
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CIRCUIT DESCRIPTION (continued) 

Minimum gain is reached for a line current of about 52 mA for the same drain current Iq = 7.5 mA. 

When Iq is increased by means of the external resistor connected to pin 4, the two above mentioned 

values of the line current for the starting point and for the minimum gain increase accordingly. 

It is also possible to change the starting point without changing Iq by connecting pin 8 to the centre 

of a resistive divider placed between pin 5 and ground (the total resistance seen by pin 5 must be at 

least 100 Kn). In this case, the AGC range increases too; for example using a division 1:1 (50K/50K) 

the AGC starting point shifts to about l|_ = 40 mA, and the minimum gain is obtained at li_= 95 mA. 

In addition to this operation mode, the Vq voltage can be maintained constant thus fixing the gain 

values (Rx, Tx) independently of the line conditions. 

For this purpose the Vqd voltage, available for supplying the MF generator, can be used. 

b) When gains have to be related to the voltage at the line terminals of the telephone set, it is necessary 
to obtain Vq from a resistive divider directly connected to the end of the line. 

This type of operation meets for istance the requirements of the French standard. (See the appli- 
cation circuit of fig. 12). 

4. Transducers interfacing 

The microphone amplifier (3) has a differential input stage with high impedance (= 40 Kn) so allowing 
a good matching to the microphone by means of external resistor without affecting the sending gain. 
The receiving output stage (6) is particularly intended to drive dynamic capsules. (Low output impe- 
dance, 100 n max; high current capability, 3 mAp). 

When a piezoceramic capsule is used, it is useful to increase the receiving gain by increasing R1 value (see 
the relationship for Vr). 

With very low impedance transducer, DC decoupling by an external capacitor must be provided to pre- 
vent a large DC current flow across the transducer itself due to the receiving output stage offset. 



5. Multifrequency interfacing 

The LS356 acts as a linear interface for the Multifrequency synthesizer M761 according to a logical 
signal (mute function) present on pin 3. 

When no key of the keyboard is pressed the mute state is I'ow and the LS356 feeds the M761 through 
pin 15 with low voltage and low current (standby operation of the M761). The oscillator of the M761 
is not operating. 

When one key is pressed, the M761 sends a "high state" mute condition to the LS 356. A voltage com- 
parator (8) of LS356 drives internal electronic switches: the voltage and the current delivered by the 
voltage supply (9) are increased to allow the operation of the oscillator. 

This extra current is diverted by the receiving and sending section of the LS356 and during this oper- 
ation the receiving output stage is partially inhibited and the input stages of sending and receiving am- 
plifiers are switched OFF. 

A controlled amount of the signalling is allowed to reach the earphone to give a feedback to the subs- 
criber; the MF amplifier (10) delivers the dial tones to the sending paths. 

The application circuit shown In fig. 9 fulfils the EUROPE II standard (-6, -8dBm). If the EUROPE I 
levels are required (-9, -1 1 dBm) an external divider must be used (fig. 10). 
The mute function can be used also when a temporary inhibition of the output signal is requested. 
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APPLICATION INFORMATION 

Fig. 9 - Application circuit with multifrequency (EUROPE II STD) 
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Fig. 10- Application circuit with multifrequency (EUROPE I) 
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APPLICATION INFORMATION (continued) 

Fig. 12 - Application circuit without multifrequency 



Fig. 11 - Sending and 
receiving gain vs. line cur- 
rent (application circuit of 
fig- 13) 
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Fig. 13 - Application circuit with gain controlled by line voltage (French standard) 
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APPLICATION INFORMATION (continued) 
Fig. 14 - Application circuit with fixed gain operation 
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Fig. 15 - External nnute function 
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LS356 



a) with multlfrequency 



LS356 



b) without multlfrequency 



In addition to the above mentioned applications, different values for the external components can be 

used in order to satisfy different requirements. 

The following table (refer to the application circuit of fig. 9) can help the designers. 



Component 


Value 


Purpose 


Note 


R1 


39.2^:2 


Bridge Resistors 


R1 controls the receiving gain. When 

high current values are allowed, R1 must 

be able to dissipate up to 1W. 

The ratio R2/R1 fixes the annount of 

signal delivered to the line. R1 helps in 

fixing the DC characteristic (see R3 

note). 


R2 


392 n 


R3 


33 n 


Line current sensing. 
Fixing DC charac- 
teristic 


The relationships involving R3 are: 

- Zml=(20R3//Zb) + R1 

- G,. = K • 

^ R3 

- Vl=(Il-Io) (R3+R1) + Vo; 
Vo = 3.8V. 

Without any problenn it is possible to 
have a Z^l ranging from 600 up to 
900 n. As far as the power dissi- 
pation is concerned, see Rl note. 
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APPLICATION INFORMATION (continued) 



Component 


Value 


Purpose 


Note 


R4 


13 Kn 


Bias Resistor 


The suggested value assures the mini- 
mum operating current. It is possible to 
increase the supply current by decreasing 
R4 (they are inversely proportional), in 
order to achieve the shifting of the AGC 
starting point. 


R5 


2.2 KQ. 


Balance Network 


It is possible to change R5 and Revalues 
in order to improve the matching to dif- 
ferent lines; in any case: 

Zb _ R2 
Zl ri 

Zb = R5 + R6//Xc4 


R6 


10 Kn 




R7-R7' 


100 n 


Receiver impedance 
matching 


R7 and R7' must be equal; the suggested 
value is good for matching to dynamic 
capsule; there is no problem in increasing 
and decreasing (down to n) this value. 
A DC decoupling must be inserted when 
low resistance levels are used to stop the 
current due to the receiver output offset 
voltage (max 200 mV). 


R8 


200 n 


Microphone 

impedance 

matching 


The suggested value is typical for a 
dynamic microphone, but it is possible 
to choose R8 in a wide range. 


CI 


10)uF 


Regulator AC bypass 


A value greater than 10 juF gives a 
system start time too high for low current 
line during MF operation; a lower value 
gives an alteration of the AC line im- 
pedance at low frequency. 


C2 


47 nF 


Matching to a 
capacitive line 


C2 changes with the characteristics of 
the transmission line. 


C3 


82 nF 


Receiving gain 
flatness 


C3 depends on balancing and line im- 
pedance versus frequency 


C4 


10 nF 


Balance, network 


See note for R5, R6 


C5 


0.33 mF 


DC filtering 


The C5 range is from 0.1 juF to 0.47 mF. 
The lowest value is ripple limited, the 
higher value is starting up time limited. 


C6-C7 


1000 pF 


RF bypass 




C8 


IOmF 


Receiving output DC 
decoupling 


See note for R7, R7'. 


C9 


ImF 


Receiving input DC 
decoupling 
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LINEAR INTEGRATED CIRCUITS 



HIGH PERFORMANCE QUAD OPERATIONAL AMPLIFIERS 

• SINGLE OR SPLIT SUPPLY OPERATION 

• VERY LOW POWER CONSUMPTION 

• SHORT CIRCUIT PROTECTION 

• LOW DISTORTION, LOW NOISE 

• HIGH GAIN-BANDWIDTH PRODUCT 

• HIGH CHANNEL SEPARATION 

The LS 404 is a high performance quad operational amplifier with frequency and phase compensation 

built into the chip. The internal phase compensation allows stable operation as voltage follower in spite 

of its high gain-bandwidth product. The circuit presents very stable electrical characteristics over the 

entire supply voltage range, and it is particularly intended for professional and telecom applications 

(active filters, etc.). 

The patented input stage circuit allows small input signal swings below the negative supply voltage and 

prevents phase inversion when the input is over driven. 

The LS 404 is available with hermetic gold chip (8000 series). 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


±18 


V 


V, 


Input voltage (positive) 


4-V, 






(negative) 


-Vs - 0.5 


V 


V| 


Differential Input voltage 


±(Vs-l) 




Top 


Operating temperature LS 404 


-25 to + 85 


°C 




LS 4040 


to + 70 


°C 


Ptot 


Power dissipation (Tamb = 70°C) 


400 


mW 


Tste 


Storage temperature 


-55 to 4- 150 


°C 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM AND ORDERING NUMBERS 

(top view) 



Type 


DIP 14 


SO-14 


LS404 
LS 404C 


LS 404CB 


LS 404M 
LS 404CM 


LS 8404 
LS 8404C 


_ 


LS 8404M 
LS 8404CM 





1 


Ky 




OUTPUT A [ 1 




K 


INV. INP. A [2 




13 


NON INV. INR A [ 


3 




12 


^ Vs [ 


^ 




11 


NON INV, INR B [ 


5 




10 


INV. INR B 1 


6 




9 


OUTPUT B [ 


7 




8 



OUTPUT D 

INV INR D 

NON INV. INR D 

-vs 

NON INV. INRC 
INV. INR C 
OUTPUT C 



SCHEMATIC DIAGRAM (one section) 



NON INVERTING 
INPUT 
O 




THERMAL DATA 



DIP 14 



SO-14 



Rthj-amb Thermal resistance junction-annbient 



200*^0^ 



200°C/W* 



(*) Measured with the device mounted on a cerannic substrate (25 x 16 x 0.6 nnnn.) 
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ELECTRICAL CHARACTERISTICS (Vg = ± 12V, Tamb = 25°C, unless otherwise specified) 



Parameter 






LS404 


LS 4040 


Unit 




Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Is Supply current 






1.3 


2 




1.5 


3 


mA 


lb Input bias current 






50 


200 




100 


300 


nA 


Rj Input resistance 


f = IKHz 




0.7 






0.5 




Ma 


Vqs Input offset voltage 


Rg = 10Kn 




1 


2.5 




1 


5 


mV 


AVqs Input offset 


Rg= 10Kf2 

'min '^ 'op ^ ^max 




5 






5 




/xV/°C 


j^j vokage drifi 


Iqs Input offset current 






10 


40 




20 


80 


nA 


AIqs Input offset 


"f^min ^ ^op *^ Tmax 




0.08 






0.1 




nA 
°C 


^j current drift 


Igc Output short 
circuit current 






23 






23 




mA 


Gy Large signal open 
loop voltage gain 


RL = 2Kn Vs = ±12V 
Vs = ±4V 


90 


100 
95 




86 


100 
95 




dB 


B Gain-bandwidth 
product 


f = 20KHZ 


1.8 


3 




1.5 


2.5 




MHz 


ejvi Total input noise 
voltage 


f =1KHz 
Rg = 5012 

Rg= 1KO 

Rg= 10Kn 




8 
10 
18 


15 




10 
12 
20 




nV 

n/Hz 


d Distortion 


unity gain 
RL = 2Kfi 
Vo = 2Vpp 


f = 1 KHz 
f = 20 KHz 




0.01 
0.03 


0.04 




0.01 
0.03 




% 


Vq DC output 

voltage swing 


R|_ = 2Kn 


Vs = ± 12V 
Vg = ± 4V 


± 10 


±3 




±10 


±3 




V 


Vq Large signal 
voltage swing 


f = lOKHz 


Rl= 10 Kn 

Rl= 1 Kn 




22 
20 






22 
20 




Vpp 


SR Slew rate 


unity gain 


0.8 


1.5 






1 




V/ms 


CMR Comm. mode 
rejection 


Vj= 10V 


90 


94 




80 


90 




dB 


SVR Supply voltage 
rejection 


Vi = 1V f = 100Hz 


90 


94 




86 


90 




dB 


CS Channel separation 


f =lKHz 


100 


120 






120 




dB 
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Fig. 1 - Supply current vs. 
supply voltage 



Fig. 2 - Supply current vs. 
ambient temperature 



Fig. 3 - Output short circuit 
current vs. ambient tem- 
perature 
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1.6 
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Fig. 4 - Open loop fre- 
quency and phase response 



Fig. 5 - Open loop gain vs. 
ambient temperature 
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Fig. 6 - Supply voltage re- 
jection vs. frequency 
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Fig. 7 - Large signal fre- 
quency response 
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Fig. 8 - Output voltage 
swing vs. load resistance 



Fig. 9 - Total input noise 
vs. frequency 
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APPLICATION INFORMATION 
Active low-pass filter: 

BUTTE RWORTH 

The Butterworth is a "maximally flat" amplitude response filter. 
Butterworth filters are used for filtering signals in data acquisition 
systems to prevent aliasing errors in sampled-data applications 
and for general purpose low-pass filtering. 

The cutoff frequency, fc, is the frequency at which the amplitude 
response In down 3 dB. The attenuation rate beyond the cutoff 
frequency is -n6 dB per octave of frequency where n Is the order 
(number of poles) of the filter. 
Other characteristics: 

• Flattest possible amplitude response. 

• Excellent gain accuracy at low frequency end of passband. 

BESSEL 

The Bessel is a type of "linear phase" filter. Because of their linear 
phase characteristics, these filters approximate a constant time 
delay over a limited frequency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are also used to 
provide time delays for low pass filtering of modulated waveforms 
and as a "running average" type filter. 

The maximum phase shift is -^ radians where n is the order 

(number of poles) of the filter. The cutoff frequency, fc, is defined 
as the frequency at which the phase shift is one half to this value. 
For accurate delay, the cutoff frequency should be twice the ma- 
ximum signal frequency. The following table can be used to ob- 
tain the -3 dB frequency of the filter. 





2 pole 


4 pole 


6 pole 


8 pole 


-3 dB frequency 


0.77 fc 


0.67 fc 


0.57 fc 


0.50 fc 



Other characteristics: 

• Selectivity not as great as Chebyschev or Butterworth. 

• Very small overshoot response to step inputs 

• Fast rise time. 

CHEBYSCHEV 

Chebyschev filters have greater selectivity than either Bessel or 

Butterworth at the expense of ripple in the passband. 

Chebyschev filters are normally designed with peak-to-peak 

ripple values from 0.2 dB to 2 dB. 

Increased ripple in the passband allows increased attenuation 

above the cutoff frequency. 

The cutoff frequency is defined as the frequency at which the 

amplitude response passes through the specified maximum ripple 

band and enters the stop band. 

Other characteristics: 

• Greater selectivity 

• Very nonlinear phase response 

• High overshoot response to step inputs. 



Fig. 10- Amplitude response 
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Fig. 11 -Amplitude response 
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Fig. 12 -Amplitude response 
(± 1 dB ripple) 
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APPLICATION INFORMATION (continued) 

The table below shows the typical overshoot and settling time response of the low pass filter to a step 
input. 





NUMBER 
OF POLES 


PEAK 
OVERSHOOT 


SETTLING TIME (% of final value) 


% Overshoot 


± 1% 


± 0.1% 


± 0.01% 


BUI IbRWORTH 


2 
4 
6 
8 


4 
11 
14 
16 


1.1/fc sec. 
1 .7/f c 
2.4/fc 
3.1 /fc 


1 .7/fc sec. 
2.8/fc 
3.9/fc 
5.1 /fc 


1 .9/fc sec. 
3.8/fc 
5.0/fc 
7.1 /fc 


BESSEL 


2 
4 
6 
8 


0.4 
0.8 
0.6 
0.3 


0.8/fc 
1 .0/f c 
1 .3/f c 
1 .6/f c 


1.4/fc 
1.8/fc 
2.1 /fc 
2.3/fc 


1 .7/fc 
2.4/fc 
2.7/fc 
3.2/fc 


CHEBYSCHEV 
(RIPPLE ±0.25dB) 


2 
4 
6 
8 


11 
18 
21 
23 


1.1/fc 
3.0/fc 
5.9/fc 
8.4/fc 


1 .6/f c 

5.4/fc 

10.4/fc 

16.4/fc 


- 


CHEBYSCHEV 
(RIPPLE ± 1 dB) 


2 
4 
6 
8 


21 
28 
32 
34 


1.6/fc 

4.8/fc 

8.2/fc 

1 1.6/fc 


2.7/fc 

8.4/fc 

16.3/fc 

24.8/fc 


- 



Design of 2"*^ order active low pass filter 

(Sallen and Key configuration unity gain op-amp) 



Fig. 13 - Filter configuration 




Vout 



V. 



C 02 

1+2^ — + — 



where; 

cOc - 27r f c with fc = cutoff frequency 

^ = damping factor. 
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APPLICATION INFORMATION (continued) 

Three parameters are needed to characterize 
the frequency and phase response of a 2"^ 
order active filter: the gain (Gv), the damping 
factor © or the Q-factor {Q= (2 ^)-i), and 
the cutoff frequency (fc). 
The higher order responses are obtained with a 
series of 2"^ order sections. A simple RC section 
is introduced when an odd filter is required. 
The choice of '^' (or Q-factor) determines the 
filter response (see table). 



TAB. 1 



Filter response 


S 


Q 


Cutoff frequency 


Bessel 


V3 
2 


1 

V3 


Frequency at which 
phase shift is -90° 


Butterworth 


2 


1 

n/2- 


Frequency at which 
Gy = -3 dB 


Chebyschev 


2 


1 


Frequency at which 
the amplitude 
response passes 
through specified 
max. ripple band 
and enters the stop 
band 



Fig. 14 - Filter response vs. damping factor 
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Fixed R= Rj = R2, we have (see fig. 13) 



Ci = 



R cOc 
R ^Wc 



The diagram of fig. 14 shows the amplitude response for different 
values of damping factor ^ in 2"^ order filters. 



EXAMPLE: 

Fig. 15-5**^ order low pass filter (Butterworth) with unity gain configuration. 



1^* order 



Ca S-3566/1 




2"^order 
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APPLICATION INFORMATION (continued) 

In the circuit of fig. 15, for fc = 3.4 KHz and 
Rj= Ri= R2= R3= R4= 10 Ki2, we obtain: 



Cj = 1 .354 


1 1 

R 27rfc 


6.33 nF 


Ci= 0.421 


1 1 

R 27rfe 


1.97 nF 


C2 = 1.753 


1 1 
R 27rfc 


8.20 nF 


c. = n .?nQ 


1.1- 


1 4Fi nF 



C4 = 3.325-^-2^^= 15.14 nF 

The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 15 KHz. 



Tab. II 

Damping factor for low-pass Butterworth filters 



Order 


Ci 


Cl 


C2 


cs 


04 


C5 


ce 


c? 


C8 


2 




0.707 


1.41 














3 


1.392 


0.202 


3.54 














4 




0.92 


1.08 


0.38 


2.61 










5 


1.354 


0.421 


1.75 


0.309 


3.235 










6 




0.966 


1.035 


0.707 


1.414 


0.259 


3.86 






7 


1.336 


0.488 


1.53 


0.623 


1.604 


0.222 


4.49 






8 




0.98 


1.02- 


0.83 


1.20 


0.556 


1.80 


0.195 


5.125 



The same method, referring to Tab. II and fig. 
16, is used to design high-pass filter. In this 
case the damping factor is found by taking the 
reciprocal of the numbers in Tab. II. For fc 
= 5KHz and Cj = Ci = Cg = C3 = C4 = 1 nF 
we obtain: 



Ri 



1 1__ 

1 .354 ' C * 27r f. 



1 



= 23.5 Ka 



Ri = 



R^ = 



1 



1 , 1 
0.421 C 27rf^ 



1 



1 1 



2 1.753 C 27rfj 
1 1 1 



3 0.309 C 27rfc 



R4 = 



1 



1 1 



^ 3.325 C 27rfc 



= 75.6 Ko 
= 18.2 Kn 
= 103 Kn 
9.6 K12 



Fig. 16 - 5*^ order high-pass filter (Butterworth) with unity gain configuration. 
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APPLICATION INFORMATION (continued) 
Fig. 17 - Multiple feedback 8-pole bandpass filter. 




fc = 1 .180Hz; A = 1 ; C2 = C3 = C5 = Cg = Cg = C9 = Cio = Cii = 3.300 pF; 

Ri = Rg= Rg= Rj2 = 160 K12; R5 = R8 = Rii = Ri4 = 330Kii; R4 = R7 = Rio= Ri3 = 5.3Kn 



Fig. 1 8 ~ Frequency response 
of band-pass filter 
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Fig. 19 -Bandwidth of band- 
pass filter 
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LINEAR INTEGRATED CIRCUIT 



mm 



TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY TONE GENERATOR 
INTERFACE 

The LS656 is a monolithic integrated circuit in 16-lead plastic package to replace the hybrid circuit in 
telephone set. It works with the same type of transducers for both transmitter and receiver (typically 
dynamic capsules). Many of its electrical characteristics can be controlled by means of external com- 
ponents to meet different specifications. 

In addition to the speech operation, the LS656 acts as an interface for the MF tone signal (particularly 
for M761 C/MOS frequency synthesizer). 
The LS656 basic functions are the following: 

— It presents the proper DC path for the line current, particular care being paid to have low voltage 
drop. 

— It handles the voice signal, performing the 2/4 wires interface and changing the gain on both sending 
and receiving amplifiers to compensate for line attenuation by sensing either the line current or the 
line voltage. In addition, the LS656 can also work in fixed gain mode. 

— It acts as linear interface for MF^ supplying a stabilized voltage to the digital chip and delivering to 
the line the MF tones generated by the M761. 

ABSOLUTE MAXIMUM RATINGS 



Vl 


Line voltage (3 ms pulse duration) 


22 


V 


II 


Forward line current 


150 


mA 


II 


Reverse line current 


-150 


mA 


Ptot 


Total power dissipation at Tamb'= 70°C 


1 


W 


1 op 


Operating temperature 


-45 to 70 


°C 


Tstg.Tj 


Storage and junction temperature 


-65 to 150 


°c 



ORDERING NUMBER: LS656B 
MECHANICAL DATA 



Dimensions in mm 




u u Li" u u u u 



m: 



Oi. 



7.6 
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CONNECTION DIAGRAM 

(top view) 
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TEST CIRCUITS 




6c 6d 6e of 



Fig. 1 
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Fig. 3 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



80 



°C/W 



ELECTRICAL CHARACTERISTICS (Referto the test circuits, Vq = 1 to 2V, Il= 12 to 80 mA, 

S1, S2 and S3 in (a), Tamb= 25 to +50°C, f = 200 to 3400 Hz, unless otherwise specified). 



Parameter 


Test 


conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


SPEECH OPERATION 


Vl 


Line voltage 


Tamb= 25°C 


1 L= 1 2 m A 
lL=SOmA 
ll_= 60 mA 






4 
5 
6.9 


V 


- 


CMRR 


Common mode rejection 


f =1 KHz 


50 






dB 


1 


Gs 


Sending gain 


Tamb=25°C f 
VMrSmV 


= 1KHz lL25mA 
lL=50mA 


48 
44 




50 
46 


dB 


2 


Sending gain flatness 
(vs. freq.) 


VMrSmV 


W= 1 KHz 






± 1 


dB 


2 


Sending gain flatness* 
(vs. current) 


VMr3mV 
S3 in (b) 






±0.5 


dB 


2 


Sending distortion 


f = 1 KHz 
lL=15mA 


Vso= 700 mV 
Vso= 800 mV 






2 
10 


% 
% 


2 


Sending noise 


VMrOV; Vg= 


= 1V 




-70 




dBmp 


2 


Microphone input 
impedance (pin-16) 


VMrSmV 


40 






Kn 


~ 


Sending gain in MF 
operation 


VMrSmV 
S2 in (b) 


-SO 






dB 


2 


Gr 


Receiving gain 


VRr0.SV 
f = 1 KHz 
Tamb= 25°C 


lL=25mA 
ll_=50mA 


-4 
-8 




-2 
-6 


dB 


3 


Receiving gain flatness 
(vs. freq.) 


Vr,= 0.3V 


fref= 1 KHz 






± 1 


dB 


3 


Receiving gain flatness* 
(vs. current) 








±0.5 


dB 


3 


Receiving distortion 


f = 1 KHz 
Il= 15 mA 


VRo=440mV 
VRo=480mV 






2 
10 


% 
% 


3 


Receiving noise 


VRrOV; Vg= 


IV 




150 




mV 


3 


Receiver output 
impedance (pin 12-13) 


VRo=50mV 




SO 




a 


- 


Sidetone 


f = 1 KHz 
Tamb7 25°C 
SI in (b) 






36 


dB 


2 


Zml 


Line matching 
impedance 


Vr,= O.SV 


f = 1 KHz 


500 


600 


700 


n 


3 


«8 


Input current for gain 
control (pin 8) 








-10 


mA 


- 



Fixed gain mode. 
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ELECTRICAL CHARACTERISTICS (continued) 



issse 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


MULTIFREQUENCY SYNTHESIZER INTERFACE 


Vdd MF supply voltage 

Stand by and Operation 


S2 in (b) 


2.4 


2.5 




V 


- 


JDD MF supply current 
Stand by 
Operation 


S2 in (b) 


0.5 
2 






mA 
mA 


- 


MF annplifier gain 


fMFin=1 KHz 
VMFin=80mV 


15 




17 


dB 


4 


V| DC input voltage level 
(pin 14) 


VMFIn=80mV 




0.3 Vdd 




V 


- 


R| Input impedance 
<pin 14) 


VMFin=80mV 


60 






Kn 


- 


d Distortion 


VMFin=150mVp 
Il> 15 mA 






2 


% 


4 


Starting delay time 








5 


ms 


- 


Muting threshold voltage 
(pin 3) 


Speech operation 






1 


V 


- 


MF operation 


1.6 






V 


- 


Muting stand by current 
(pin 3) 








-10 


mA 


- 


Muting operating 
current (pin 3) 


S2 in (b) 






+10 


mA 


- 
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CIRCUIT DESCRIPTION 

1 . DC characteristic 

The fig. 5 shows the DC equivalent circuit of the LS656. 

Fig. 5 - Equivalent DC load to the line 
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PINS 



A fixed amount Iq of the total available current II is drained for the proper operation of the circuit. The 

value of Iq can be programmed externally by changing the value of the bias resistor connected to pin 4 

(see block diagram). 

The minimum value of Iq is 7.5 mA. 

The voltage Vo= 37V of the shunt regulator is independent of the line current. 

The shunt regulator (2) is controlled by a temperature compensated voltage reference (1) (see the block 

diagram). 

Fig. 6 shov\/s a more detailed circuit configuration of the shunt regulator. 

Fig. 6 - Circuit configuration of the shunt regulator 

R2 R Rl 




The difference Il-'o flows through the shunt regulator being lb negligible. \^ is an internal constant 

current generator; hence Vo= Vb + la * Ra~ 3.7V. 

The V|_, II characteristic of the device is therefore similar to a pure resistance in series to a battery. 
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It is important to note that the DC voltage at pin 5 is proportional 
to the line current (V5= Vy + Vb= (Il-'o) R3 + Vg). 
The DC characteristic of the LS656 is shown in fig. 7. 



Fig. 7 - DC characteristic 
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2. Two to four wires conversion 

The LS656 performs the two wires (line) to four wires (microphone, earphone) conversion by means of 
a Wheatstone bridge configuration so obtaining the proper decoupling between sending and receiving 
signals (see fig. 8). 



Fig. 8 - Two to four wires conversion 



^ 




-L _ 



R1 



For a perfect balancing of the bridge 

Zb R2 

The AC signal from the microphone is sent to one diagonal of the bridge (pin 6 and 9). A small per- 
centage of the signal power is lost on Zg (being Zb ^ Zl); the main part is sent to the line via R1. 
In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 
(pin 1 1 and 10). After amplification It is applied to the receiving capsule. 

The impedance Z^ is simulated by the shunt regulator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 
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APPLICATION INFORMATION (continued) 
The impedance Z^ is defined as ^^^ 

AI6-9 

From fig. 6 considering CI as a short circuit for AC signal, any variation AVg generates a variation: 

AV7 = AVa = AV6 



Ra +Rb 

The corresponding current change is 

Therefore 

Al Rb 

The total impedance across the line connections (pin 1 1 and 9) is given by 

Zml=R1 +Zm//(R2+Zb) 
By choosing Z^ > R1 and Z.^ > z^ 

Zml = Zm = R3(1 +-^) 

Rb 

The received signal amplitude across pin 11 and 10 can be changed using different values of R1 (of 

course the relationship Zl/Zb = R1/R2 must be always valid). 

The received signal is related to R1 value according to the approximated relationship: 

Vr=2Vf ^^ 



R1 +Z. 



Note that by changing the value of R1, the transmission signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 

3. Automatic gain control 

The LS656 automatically adjusts the gain of the sending and receiving amplifiers to compensate for line 

attenuation. 

This function is performed by the circuit of fig. 9. 

Fig. 9 




REFG 
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The differential stage is progressively unbalanced by changing Vq in the range 1 to 2V (Vrefg 'S an 
internal reference voltage, temperature compensated). 

It changes the current Iq, and this current is used as a control quantity for the variable gain stages 
(amplifier (4) and (5) in the block diagram). The voltage Vq can be taken: 

a) from the LS656 itself (both in variable and in fixed mode) and. 

b) from a resistive divider, directly at the end of the line. 

a) In the first case, connecting Vq (pin 8) to the regulator bypass (pin 5) it is possible to obtain a gain 
characteristic depending on the current. 
In fact (see fig. 6) 



Vs = Vb +V7=Vb +(Il-Io) R3 



The starting point of the automatic level control is obtained at II = 25 mA when the drain current 

lo = 7.5 mA. 

Minimum gain is reached for a line current of about 50 mA for the same drain current Iq = 7.5 mA. 

When Iq is increased by means of the external resistor connected to pin 4, the two above mentioned 

values of the line current for the starting point and for the minimum gain increase accordingly. 

It is also possible to change the starting point without changing Iq by connecting pin 8 to the centre 

of a resistive divider placed between pin 5 and ground (the total resistance seen by pin 5 must be at 

least 1 00 Kn ). In this case, the AGC range increases too; for example using a division 1 : 1 (50K/50K) 

the AGC starting point shifts to about l|_= 40 mA, and the minimum gain Is obtained at II - 95 mA. 

In addition to this operation mode, the Vq voltage can be maintained constant thus fixing the gain 

values (Rx, Tx) independently of the line conditions. 

For this purpose the N/qd voltage, available for supplying the MF generator, can be used. 

b) When gains have to be related to the voltage at the line terminals of the telephone set. It is necessary 
to obtain Vq from a resistive divider directly connected to the end of the line. 

This type of operation meets the requirements of the French standard. (See the application circuit 
of fig. 13). 

4. Transducer interfacing 

The microphone amplifier (3) has a differential input stage with high impedance (= 40 Ka) so allowing 
a good matching to the microphone by means of external resistor without affecting the sending gain. 
The receiving output stage (6) is particularly intended to drive dynamic capsules. (Low output impe- 
dance (lOOn max); high current capability 3 mAp). 

When a piezoceramic capsule is used. It is useful to increase the receiving gain by increasing R1 value 
(see the relationship for Vr). 

Whit very low Impedance transducer, DC decoupling by an external capacitor must be provided to 
prevent a large DC current flow across the transducer itself due to the receiving output stage offset. 

5. Multifrequency interfacing 

The LS656 acts as a linear interface for the Multifrequency synthesizer M761 according to a logical 
signal (mute function) present on pin 3. 

When no key of the keyboard is pressed the mute state is low and the LS656 feeds the M761 through 
pin 15 with low voltage and low current (standby operation of the M761). The oscillator of the M761 
is not operating. 
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When one key is pressed, the M761 sends a "high state" nnute condition to the LS656. A voltage conn- 
parator (8) of LS656 drives internal electronic switches; the voltage and the current delivered by the 
voltage supply (9) are increased to allow the operation of the oscillator. 

This extra current is diverted by the receiving and sending section of the LS656 and during this oper- 
ation the receiving output stage is partially inhibited and the input stages of sending and receiving ann- 
plifiers are switched OFF. 

A controlled amount of the signalling is allowed to reach the earphone to give a feedback to the sub- 
scriber; the MF amplifier (10) delivers the dial tones to the sending paths. 

The mute function can be used also when a temporary inhibition of the output signal is requested. 
The application circuit shown in fig. 10 fulfils the EUROPE 11 standard (-6, -8dBm). If the EUROPE I 
levels are required (-9, -1 1 dBm) an external divider must be used (see fig. 11). 



APPLICATION INFORMATION 

Fig. 10- Application circuit with multifrequency (EUROPE II STD) 




Fig. 11 - Application circuit with multifrequency (EUROPE I STD) 
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* TOLLERANCE =±2'/. 
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APPLICATION INFORMATION (continued) 



Fig. 12 - Sending and re- 
ceiving gain vs. line current 
(application circuit of fig.1 0) 
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Fig. 13 - Application circuit without multifrequency 
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Fig. 14 - Application circuit with gain controlled by line voltage (French standard) 
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APPLICATION INFORMATION (continued) 



Fig. 15 - Application circuit 
with fixed gain operation 



Fig. 16 - External mute function 
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a) with multifrequency 



b) without muitifrequency 



Ry= Main gain condition 

Rx= Main gain condition 

In addition to the above nnentioned applications, different values for the external components can be 

used in order to satisfy different requirements. 

The following table (refer to the application circuit of fig. 10) can help the designers. 



Component 


Value 


Purpose 


Note 


R1 


30 12 


Bridge Resistors 


R1 controls the receiving gain. When high cur- 
rent values are allowed, R1 must be able to 
dissipate up to 1W. 

The ratio R2/R1 fixes the amount of signal 
delivered to the line. R1 helps in fixing the DC 
characteristics (see R3 note). 


R2 


330 n 


R3 


30 n 


Line current sensing. 
Fixing DC 
characteristic. 


The relationships involving R3 are: 

- Zml=(20R3//Zb) + R1 

_ zj/Zmu 

^ R3 

- Vl= (Il-Iq) (R3 + R1) + Vo;Vo=3.7V. 

Without any problem it is possible to have a 
Z|V||_ ranging from 600 up to 900n. As far 
as the power dissipation is concerned, see 
R1 note. 


R4 


13 Ka 


Bias Resistor 


The suggested value assures the minimum oper- 
ating current, it is possible to increase the 
supply current by decreasing R4 (they are 
inversely proportional), in order to achieve the 
shifting of the AGC starting point. (See fig. 16). 
After R4 changement, some variations could be 
found also in other parameters, i.e. line voltage. 
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Component 


Value 


Purpose 


Note 


R5 


2.2 Kn 


. Balance Network 


It's possible to change R5 and R6 values in 
order to improve the matching to different 
lines; in any case: 

Zb R2 


R6 


6.8 Kn 


Zl R1 

Zb= R5 + R6//Xc4 


R7-R7' 


lOOn 


Receiver impedance 
matching 


R7 and R7', must be equal; the suggested value 
is good for matching to dynamic capsule; there 
is no problem in increasing and decreasing 
(down to on) this value. A DC decoupling must 
be inserted when low resistance levels are used 
to stop the current due to the receiver output 
offset voltage (max 200 mV). 


R8 


200 n 


Microphone 
impedance matching 


The suggested value is typical for a dynamic 
microphone, but it is possible to choose R8 in a 
wide range. 


CI 


10mF 


Regulator 
AC bypass 


A value greater than 10 /iF gives a system start 
time too high for low current line during MF 
operation; a lower value gives an alteration of 
the AC line impedance at low frequency. 


C2 


47 nF 


Matching to a 
capacitive line 


C2 changes with the characteristics of the 
transmission line. 


C3 


82 nF 


Receiving gain 
flatness 


C3 depends on balancing and line impedance 
versus frequency. 


C4 


15 nF 


Balance network 


See note for R5, R6. 


C5 


0.33 ^if 


DC filtering 


The C5 range is from 0.1 /uF to 0.47 juF. The 
lowest value is ripple limited, the higher value 
is starting up time limited. 


C6-C7 


1000 pF 


RF bypass 




C8 


100 /iF 


Receiving output 
DC decoupling 


See note for R7, R7. 


C9 


IjuF 


Receiving input 
DC decoupling 





341 



LS709 

LSTOSA 

LS708G 



LINEAR INTEGRATED CIRCUITS 



OPERATIONAL AMPLIFIERS 

The LS 709 series features low offset, high input impedance, large input common mode range, high 
output voltage swing. The amplifier is intended for use in D.C. servosystems, high impedance analog 
computer, low level instrumentation applications, and for the generation of special linear and non linear 
transfer functions. 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


DIP 


V, 


Supply voltage 


± 18 V 


Vid) 


Input voltage 


±10V 


AVi 


Differential input voltage 


±5 V 


•op 


Operating temperature for LS 709/LS 709A 


-55 to 125 °C 




for LS 709C 


to 70 IC 


Ptot 


Power dissipation at Tamb~ 70 °C 


520 mW 


400 mW 


Tstg 


Storage temperature 


-65 to 150 °C 


-55 to 150 °C 



1) For supply voltages less than ± 10V maximum input voltage is equal to the supply voltage. 



MECHANICAL DATA 



Dimensions in mm 




00 ( J ■ ' 











:kimm!:s.. 






n 


M 


WM$\. 


M 


n 


K 








7 


"U' 


w 


0mM 


w 


u 



TO-99 



DIP 



6/82 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 



(top views) 




OUTPUT 

FREQUENCY 

COMPENSATK)N 



NC [ 


2 13 1 


INPUT FREO.COMP [ 


3 12 ] 


INV. INPUT [ 


n] 


NON-INV, INPUT 1 


10 ] 


-V, 1 


6 


[ 


' 



IWUT FWEQ. COMP 



OUTPUT 
OUTPUT FRECCOMR 



Type 


TO--99 


DIP 


LS709 


LS 709T 


— 


LS 709A 


LS 709 AT 


- 


LS 709C 


LS 709 CT 


LS 709 CB 



SCHEMATIC DIAGRAM (pin numbers are referred to the TO-99 version) 

1Q Q8 




THERMAL DATA 



TO-99 



DIP 



Rth j-amb Thermal resistance junction-ambient 



343 



155°C/W 



200°C/W 



LS709 

LS709A 

LS709C 



ELECTRICAL CHARACTERISTICS (see note) 



Parameter 


Test conditions 


LS 709A 


LS709 


LS 709C 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vos 


Input offset 
voltage 


Rg< 10 kn 

Rg< 10 kn Tamb=25°C 




0.6 


3 
2 




1 


6 
5 




2 


10 
7.5 


mV 
mV 


lb 


Input bias 
current 


Tamb= Tmjn 
Tarnb=25°C 




0.3 
100 


0.6 
200 




0.5 
200 


1.5 
500 




0.36 
300 


2 
1500 


mA 

nA 


los 


Input offset 
current 


Tarnb" ~^rr\ax 
Tamb=25°C 




3.5 
40 
10 


50 
250 
50 




20 
100 
50 


200 
500 
200 




75 
125 
100 


400 
750 
500 


nA 
nA 
nA 


Ri 


Input resistance 


Tamb=25°C 


85 
350 


170 
700 




40 
150 


100 
400 




50 
50 


250 
250 




kn 


Ro 


Output resistance 


Tamb=25°C 




150 






150 






150 




a 


"s 


Supply current 


Vs=±15V Tamb=25°C 




2.5 


3.6 




2.6 


5.5 




2.6 


6.6 


mA 


Transient re- 
sponse Risetime 
Overshoot 


Vi=20mVCL< lOOpF 
Tamb=25°C 






1.5 
30 




0.3 
10 


1 
30 




0.3 
10 


1 
30 


MS 

% 


SR 


Slew rate 


Tamb=25°C 




0.25 






0.25 






0.25 




V/jus 


AVo3 

AT 


Average tempera- 
" tu re coefficient 
of input offset 
voltage 


Rg= 5012 

Tamb= 25° C to T^ax 
Tamb= 25°C to Tmjn 
Rg= lOkn 

Tannb= 25°C toTpnax 
Tamb=25°CtoTmin 




1.8 
1.8 

2 
4.8 


10 
10 

15 
25 




3 
6 






6 

12 




uvrc 

uV/°C 
uV/°C 


Gv 


Large signal 
voltage gain 


Vs=±15V RL>2kn 
Vo=±10V 


88 


93 


97 


88 


93 


97 


83 


93 




dB 


Vo 


Output voltage 
swing 


Vs=±15V Rl= 10 kn 
Vs=±15V Rl= 2 kn 


±12 

±10 


±14 
±13 




±12 

±10 


±14 
±13 




±12 
±10 


±14 
±13 




V 
V 


Vi 


Input voltage 
range 


Vs=±15V 


±8 






±8 


±10 




±8 


±10 




V 


CMR 


Comnnon mode 
rejection 


Rg< lOkn 


80 


110 




70 


90 




65 


90 




dB 


SVR 


Supply voltage 
rejection 


Rg< lOkn 


80 


88 




76 


92 




74 


92 




dB 



Note: These specifications, unless otherwise specified, apply for Tgmb- 
Tamb- ^o 70° C for LS 709C with the following conditions: Vs= 
C2= 200 pF and R2= 51 0. (See fig. 8 and fig. 17). 



-- -55 to 125°C for LS 709/ LS 709 A and 
± 9Vto± 15V, CI =5000 pF, R1=1.5kn, 
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Fig. 1 - Voltage gain vs. sup- 
ply voltage (for 709A) 
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Fig. 2 - Output voltage swing 
vs. supply voltage (for 709A) 
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Rig. 3 - Input common 
mode voltage range vs. sup- 
ply voltage (for 709A) 
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Fig. 4 - Power consumption 
vs. supply voltage (for 709A) 
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Fig. 5 -Output voltage swing 
vs. load resistance(for 709A) 
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Fig. 6 - Input bias current 
vs. ambient temperature (for 
709A) 
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Fig. 7 - Input offset cur- 
rent vs. ambient temperature 
(for 709A) 
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Fig. 8 - Transient response 
test circuit 




Fig. 9 - Transient response 
(for 709A) 
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Fig. 10 -Slew rate vs. closed 
loop gain using recommend- 
ed compensation networks 
(for 709A) 
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Fig. 1 1 - Voltage gain vs. supl- 
ply voltage (for 709) 
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Fig. 12- Output voltage swing 
vs. supply voltage (for 709 
and 709C) 
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Fig. 13 -Voltage gain vs. sup- 
ply voltage (for 709C) 
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Fig. 14 - Input bias current 
vs. ambient temperature (for 
709C) 
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Fig. 15 - Input offset cur- 
rent vs. ambient temperature 
(for 709C) 
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Frequency compensation for all types 



Fig. 16 - Open loop fre- 
quency response for various 
values of compensation 
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Fig. 17 - Frequency com- 
pensation circuit 




Fig. 18 - Frequency respon- 
se for various closed loop 
gains 









III 




V,=*15V 


?5'C 






CI =10 F, 


R1 = 


III \ 

0,C2 = 


3pF 


II 














s, 








too F 


1.5 


hn.3pF 












1 
















III 
500pF.1.5 


kn, 


III! 

20pF 






NT 














\ 








II 
500C 


1 
pF, I.SkO 


II 
200pF 






\ 












N 
















\ 





10' 10* 10* 



346 



mm 



LINEAR INTEGRATED CIRCUITS 



PROGRAMMABLE OPERATIONAL AMPLIFIER 

• MICROPOWER CONSUMPTION 

• INTERNALLY FREQUENCY COMPENSATION 

• OFFSET NULL CAPABILITY 

• SHORT CIRCUIT PROTECTION 

• LOW INPUT BIAS CURRENTS 

• LOW NOISE 

The LS 776 is a programmable operational amplifier available in three different packages (TO-99, 
Minidip and SO-8 micropackage). High input impedance, low supply currents and low input noise over 
a wide range of operating supply voltages coupled with programmable electrical characteristics, make it 
an extremely versatile ampllifier for use In high accuracy, low power consumption analog applications. 
Input noise voltage and current, power consumption and input current can be optimized by a single 
resistor cf current source that sets the quiescent current for nanowatt power consumption or for charac- 
teristics similar to the LS 141. Internal frequency compensation, absence of "latch-up", high slew rate 
and short circuit current protection assure ease of use in long interval integrators, active filters and 
sample and hold circuits. The LS 776 is available with hermetic gold chip (8000 Series). 



M 



ABSOLUTE MAXIMUM RATINGS 


TO-99 


Minidip 


jupackage 


Vs 


Supply voltage 




±18V 




Vi (1) 


Input voltage 




±15V 




AV, 


Differential input voltage 




±30V 




VsET 


Maximum voltage to ground at Iset 




Vs -2V to Vs 




ISRT 


Maximum current at Iset 




500 juA 




Top 


Operating temperature for LS 776 
for LS 776 C 

Output short circuit duration (2) 




-55to125°C 
to 70 °C 
Indefinite 




Ptot 


Power dissipation at Tamb= 70 °C 


520 mW 


665 mW 


400 mW 


Tsta/ Tj 


Storage and junction temperature 


-65to150°C, 


-55 to 150°C 


-55 to 150°C 



For supply voltage less than ± 15 V, input voltage is equal to the supply voltage 
The short circuit duration is limited by thermal dissipation 



MECHANICAL DATA 



Dimensions in mm 



0257?.. 49-^5,7 




TO-99 



Minidip 



$0-8 
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CONNECTION DIAGRAMS AND ORDERING NUMBERS 

(top views) 




je 'set 

le OUTPUT 

|c OFFSET 
P NULL 



NULL 

INVERTING 2! 
INPUT - I 

NON 
INVERTING 



|8 ISET 

je OUTPUT 
L OFFSET 



Type 



LS776 



LS 776C 



TO-99 



LS 776T 
LS 776CT 



LS 8776 



LS 8776C 



Minidip 


SO-8 


- 


LS 776 CB 


LS 776CM 


- 


LS 8776M 


- 


LS 8776CM 



SCHEMATIC DIAGRAM 



ISET p8 




THERMAL DATA 



TO-99 Minidip SO-8 



Rth j-amb Thermal resistance junction-ambient 



max. 155°C/W 120°C/W 200*°C/W 



■ The thermal resistance is measured with device mounted on a ceramic substrate (25 x 16 x 0.6 mm) 
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ELECTRICAL CHARACTERISTICS for LS 776 

{Vs= ± 15V, Tamb= 25°C unless otherwise specified) 



Parameter 


Test conditions 


Iset=1-5mA 


ISET='«5)UA 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vqs Input offset voltage 


Rg < 10 kn 




2 


5 




2 


5 


mV 


Iqs Input offset current 


Rg < 10 kn 




0.7 


3 




2 


15 


nA 


lb Input bias current 






2 


7.5 




15 


50 


nA 


Rj Input resistance 






50 






5 




Mn 


Cj Input capacitance 






2 






2 




pF 


A Vqs Input offset voltage 
adjustment range 






9 






18 




mV 


Gv Large signal voltage gain 


R|_>75kn Vo=±ipV 


106 


112 










dB 


Rl> 5kn Vo=±10V 








100 


112 




dB 


Rq Output resistance 






5 






^ 1 




kn 


Igc Output short-circuit 
current 






3 






12 




mA 


Is Supply current 






20 


25 




160 


180 


mA 


Ps Power consumption 








0.75 






5.4 


mW 


Transient response 
(unity gain) 
Rise time tr 
Overshoot A Vq 


Vj = 20mV R|_>5ki7 
Cl= 100 pF 




1.6 







0.35 
10 




MS. 

% 


SR Slew rate 


Rl>5 kn 




0.1 






0.8 




V/ms 


Vq Output voltage swing 


Rl> 75 ka 


±12 


± 14 










V 


Rl> 5 kn 








± 10 


± 13 




V 


The following specifications apply for Tamb= "55 to 125 °C 


Vqs Input offset voltage 


Rg< lOkO 






6 






6 


mV 


Iqs Input offset current 


Tamb=125°C 






5 






15 


nA 


Tamb=-55°C 






10 






40 


nA 


lb Input bias current 


Tamb=125°C 






7.5 






50 


nA 


Tamb=-55°C 






20 






120 


nA 


Vj Input voltage range 




± 10 






± 10 






V 


CMR Common mode rejection 


Rg<10k« 


70 


90 




70 


90 




dB 


SVR Supply voltage rejection 


Rg<10kf2 


76 


92 




76 


92 




dB 


Gv Large signal voltage gain 


RL>75kl2 Vo=±10V 


100 






98 






dB 


Vq Output voltage swing 


Rl> 75 kn 


± 10 






± 10 






V 


Is Supply current 








30 






200 


mA 


Ps Power consumption 








0.9 






6 


mW 
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ELECTRICAL CHARACTERISTICS for LS776 

(Vs= ± 3V, Tan,b= 25°C unless otherwise specified) 



Parameter 


Test conditions 


Iset=''-5mA 


•set=''5mA 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vos 


Input offset voltage 


Rg< 10 kn 




2 


5 




2 


5 


mV 


los 


Input offset current 






0.7 


3 




2 


15 


nA 


lb 


Input bias current 






2 


7.5 




15 


50 


nA 


Ri 


Input resistance 






50 






5 




Mn 


Ci 


Input capacitance 






2 






2 




pF 


AVos 


Input offset voltage 
adjustment range 






9 






18 




mV 


Gv 


Large signal voltage gain 


RL>75kn Vo=+1V 


94 


106 










dB 


Rl> 5kn Vo=±1V 








94 


106 




dB 


Ro 


Output resistance 






5 






1 




kn 


Isc 


Output short-circuit 
current 






3 






5 




mA 


Is 


Supply current 






13 


20 




130 


160 


mA 


Ps 


Power consumption 






78 


120 




780 


960 


H\N 


Transient response 
(unity gain) 
Rise time t^ 
Overshoot AVq 


Vi = 20mV RL>5kn 
Cl< 100 pF 




3 







0.6 
5 




jUS 

% 


SR 


Slew rate 


Rl> 5 kn 




0.03 






0.35 




V/ms 


The following specifications apply for Tamb= "55 to 125°C 


Vos 


Input offset voltage 


Rg< 10kf2 






6 






6 


mV 


los 


Input offset current 


Tamb=125°C 






5 






15 


nA 


Tamb=-55°C 






10 






40 


nA 


lb 


Input bias current 


Tamb=125°C 






7.5 






50 


nA 


Tamb=-55°C 






20 






120 


nA 


Vi 


Input voltage range 




± 1 






± 1 






V 


CIVIR 


Common mode rejection 


Rg< 10 kn 


70 


86 




70 


86 




dB 


SVR 


Supply voltage rejection 


Rg< lOkn 


76 


92 




76 


92 




dB 


Gv 


Large signal voltage gain 


RL>75kn Vo=±1V 


88 












dB 


Rl> 5kn Vo=±1V 








88 






dB 


Vo 


Output voltage swing 


Rl> 75 kSl 


±2 


±2.4 










V 


Rl> 5kn 








± 1.9 


±2.1 




V 


Is 


Supply current 








25 






180 


ma 


Ps 


Power consumption 








150 






1080 


mW 



350 






ELECTRICAL CHARACTERISTICS for LS 776C 

(Vs= ± 1 5V, Tamb= 25°C unless otherwise specified) 



Parameter, 


Test conditions 


Iset=1-5mA 


Iset=15mA 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vos 


Input off set voltage 


Rg< 10 kn 




2 


6 




2 


6 


mV 


"OS 


Input offset current 






0.7 


6 




2 


25 


nA 


lb 


Input bias current 






2 


10 




15 


50 


nA 


Rj 


Input resistance 






50 






5 




Mn 


Ci 


Input capacitance 






2 






2 




PF 


AVos 


Input offset voltage 
adjustment range 






9 






18 




mV 


Gv 


Large signal voltage gain 


RL>75kl^ Vo=±10V 


94 


'112 










dB 


Rl.> 5kn Vo=±10V 








94 


112 




dB 


Ro 


Output resistance 






5 






1 




kfi 


"so 


Output short-circuit 
current 






3 






12 




mA 


•s 


Supply current 






20 


30 




160 


190 


mA 


Ps 


Power consumption 








0.9 






5.7 


mW 


Transient response 
(unity gain) 
Rise time tr 
Overshoot AVq 


Vi = 20mV RL>5kn 
Cl<100pF 




1.6 







0.35 
10 




JUS 

% 


SR 


Slew rate 


R|_> 5 kn 




0.1 






0.8 




V/jus 


Vo 


Output voltage swing 


Rl> 75 kfl 


± 12 


± 14 










V 


Rl> Bka 








± 10 


± 13 




V 


The following specifications ap 


ply for Tamb= to 70°C 












Vos 


Input offset voltage 


Rg< 10 kn 






7.5 






7.5 


mV 


los 


Input offset current 


Tamb=70°C 






6 






25 


nA 


Tamb=0°C 






10 






40 


nA 


ib 


Input bias current 


Tamb=70''C 






10 






50 


nA 


Tamb=0°C 






20 






100 


nA 


Vi 


Input voltage range 




± 10 






± 10 






V 


CIVIR 


Common mode rejection 


Rg< 10 kn 


70 


90 




70 


90 




dB 


SVR 


Supply voltage rejection 


Rg< 10 kn 


74 


92 




74 


92 




dB 


Gv 


Large signal voltage gain 


RL>75kn Vo=±10V 


94 






94 






dB 


Vo 


Output voltage swing 


Rl> 75 kn 


± 10 






± 10 






V 


«s 


Supply current 








35 






200 


mA 


Ps 


Power consumption 








1.05 






6 


mW 
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ELECTRICAL CHARACTERISTICS for LS776C 

(Vs= ± 3V, Tanib= 25°C unless otherwise specified) 



Parameter 


Test conditions 


'set='I-5mA 


Iset=15mA 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Vqs Input off set voltage 


Rg< 10 kn 




2 


6 




2 


6 


mV 


IQS Input offset current 






0.7 


6 




2 


25 


nA 


lb Input bias current 






2 


10 




15 


50 


nA 


Rj Input resistance 






50 






5 




Mn 


Cj Input capacitance 






2 






2 




pF 


A Vqs Input offset voltage 
adjustment range 






9 






18 




mV 


Gv Large signal voltage gain 


RL>75kn Vo=±1V 


88 


106 










dB 


Rl> 5kCl Vo=±1V 








88 


106 




dB 


Rq Output resistance 






5 






1 




kn 


Isc Output short-circuit 
current 






3 






5 




mA 


Is Supply current 






13 


20 




130 


170 


mA 


Ps Power consumption 






78 


120 




780 


1020 


juW 


Transient response 
(unity gain) 
Rise time t^ 
Overshoot AVq 


Vj = 20 m V Rl> 5 ka 
Cl< 100 pF 




3 







0.6 
5 




lis 

% 


SR Slew rate 


Rl> 5 kn 




0.03 






0.35 




V/ms 


The following specifications apply for Tamb= to 70°C 


Vqs Input offset voltage 


Rg<10kn 






7.5 






7.5 


mV 


Iqs Input offset current 


Tamb= 70° C 






6 






25 


nA 


Tamb= 0°C 






10 






40 


nA 


lb Input bias current 


Tamb=70°C 






10 






50 


nA 


Tamb=0°C 






20 






100 


nA 


Vj Input voltage range 




± 1 






± 1 






V 


CMR Common mode rejection 


Rg<10kn 


70 


86 




70 


86 




dB 


SVR Supply voltage rejection 


Rg< 10 kn 


74 


92 




74 


92 




dB 


Gy Large signal voltage gain 


RL>75kJ2 Vo=i1V 


88 












dB 


Rl> 5kn Vo=±1V 








88 






dB 


Vq Output voltage swing 


Rl> 75 kn 


± 2 


±2.4 










V 


Rl> Ska 








±2 


±2.1 




V 


Is Supply current 








25 






180 


mA 


Ps Power consumption 








150 






1080 


juW 
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Fig. 1 - Input bias current 
vs. set current 
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Fig. 2 - Input bias current 
vs. ambient tem- 
perature 



Fig. 3 - Input offset current 
vs. ambient tem- 
perature 
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Fig. 4 - Change in input off- 
set voltage vs. set 
current 
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Fig. 5 - Change in input off- 
set voltage vs. am- 
bient temperature 
(unnulled) 
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Fig. 6 - Input noise voltage 
vs. set current 
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Fig. 7 - Input noise voltage 
and current vs. fre- 
quency 



Fig. 8 - Input noise current 
vs. set current 
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Fig. 9 - Optimum source re- 
sistance for mini- 
mum noise vs. set 
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Fig. 10- Output voltage 

swing vs. load re- 
sistance 
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Fig. 11 - Output voltage 

swing vs. supply 
voltage 





1 1 1 


























Tamb = 25«C 






































IseT='.5tol5>iA 




/ 


















/ 


/ 


















1 i 1 


^ 


/ 


/ 




















'SET='5>iA 




/' 






















Rl =5kn^ 








^ 


^ 




















/ 


/ 


r 


,x 


^ 






















. 


^ 


^ 


























^ 


^ 


^ 






Rl =5kn 


- 












/ 


^ 


' 
















A 


y 




























^ 


'/ 




























y 






























/ 






























/ 































Fig. 12 -Gain bandwidth 
product vs. set 
current 
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Fig. 13- Open loop voltage 
gain vs. ambient 
temperature 
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Fig. 14- Open loop voltage 
gain vs. ambient 
temperature 
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Fig. 15 -Open loop voltage 
gain vs. set current 
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Fig. 16- Common mode re- 
jection vs. set 
current 
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Fig. 17- Supply voltage re- 
jection vs. set 
current 
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Fig. 18- Supply current vs. 
ambient tempera- 
ture 
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Fig. 19- Standby supply 
current vs. set 
current 
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Fig. 20 -Slew rate vs. set 
current 
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Fig. 21 - Voltage follower 
transient response 
(unity gain) 
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TYPICAL APPLICATIONS 

Fig. 22- High accuracy sample and hold 



>bD=*5V 



ANALOG , 

INPUT O-i 

Vj =-5Vto*5V 



1/4 

HBC-HBF 

A066A 



SAMPLE 
♦ 5V 



n 



r 

VSS=-5V 



CONTROL 

5V ^ 

HOLD 



*HOLD CAPACITOR 




-OVo 



:0.01pF 



Fig. 23 - Nanowatt amplifier 

IMfl 




Fig. 24 -High input impedance 
amplifier 
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TYPICAL APPLICATIONS (continued) 
Fig. 25- Multiplexing and signal conditioning 





±r 



Fig. 26 - Multiple feedback bandpass filter 



Fig. 27 - Gated amplifier 
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LINEAR INTEGRATED CIRCUIT 



mmM 



PRELIMINARY DATA 



DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER 

• SINGLE OR SPLIT SUPPLY OPERATION 

• LOW POWER CONSUMPTION 

• HIGH UNITY GAIN BANDWIDTH 

• NO CROSSOVER DISTORTION 

• NO POP NOISE 

• SHORT CIRCUIT PROTECTION 

• HIGH CHANNEL SEPARATION 

The LS 4558N is a high performance dual operational amplifier with frequency and phase compensation 
built into the chip. The internal phase compensation allows stable operation as voltage follower in spite 
of its high gain-bandwidth products. The circuit presents very stable electrical characteristics over the 
entire supply voltage range and the specially designed input stage allow the LS 4558N to be used in low 
noise audio signal processing application. The optimized class AB output stage completely eliminates 
crossover distortion, under any load conditions, has large source and sink capacity and is short circuit 
protected. 



k 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 




±18 


V 


V| 


tnput voltage 




±Vs 




Vi 


Differential input voltage 




±(Vs-1) 


V 


Ptot 


Power dissipation at Tamb— 70°C 


Minidip 


665 


mW 






Micropackage 


400 


mW 


Top 


Operating temperature 




Oto 70 


°C 


T| 


Junction temperature 




150 


°C 


Tstg 


Storage temperature 




-55 to 150 


°C 



ORDERING NUMBER: 



LS4558NB (Minidip) 

LS 4558 NM (Micropackage) 



MECHANICAL DATA 



Dimensions in mm 





':'^)PW*'^iP'\t'' 



;:SC>i8'^> 
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CONNECTION DIAGRAM 

(top view) 



CXJTPUT 



INV.1NR I ^ 

NON INV I , 
INPA M 



7 1 OUTPUT 



I 



I NON INV. 
5 J INP B 



B 
INVLINP 



SCHEMATIC DIAGRAM 

(one section) 



INVERTING NON INVERTING 

INPUT INPUT 




O-Vs 



THERMAL DATA 


Minidip 


SO-8 


Rth j-amb Thermal resistance junction-annbient 


120°C/W 


200* °C/W 



(*) Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 
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ELECTRICAL CHARACTERISTICS (V^ = ± 15V, Tamb= 25°C, unless otherwise specified) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Is Supply current (*) 






1 


2 


mA 


lb Input bias current 






50 


500 


nA 


^min "^ ^op ^ Tmax 






800 


nA 


Rj Input resistance 


f =1 KHz 


0.3 


1 




Mn 


Vqs Input offset voltage 


R^ < lOKn 




0.5 


5 


mV 


Rg< 10 Kn 






7.5 


mV 


Iqs Input offset current 






20 


200 


nA 


Tmin < "''op < ^max 






500 


nA 


Isc Output short circuit 
current 






23 




mA 


Gy Large signal open loop 
voltage gain 


RL=2Ki^ 


86 


100 




dB 


B Gain-bandwidth product 


f = 20KHz 


2 


3 




MHz 


e^ Total input noise voltage 


f = 1 KHz Rg= 50n 
Rg= 1 Kn 
Rg=10Kr2 




8 
10 
18 


15 


nV 
VHz 


eisj Popcorn noise 


B = 1 Hz to 1 KHz 
Rg= 10 Kn 
t = 1 sec 






10 


mV 

peak 


d Distortion 


Gv=20dB RL=2Kn 
Vo=2 Vpp f = 1 KHz 




0.03 




% 


Vq Output voltage swing 


RL=2Kf2 




± 13 




V 


Vq Large signal voltage swing 


Rl_=10K12 
f = 10 KHz 




28 




Vpp 


Transient response Rise time 


Vj = 20mV R, = 2Kn 
Cl= 100 pF 




0.13 




MS 


Overshoot 




5 




% 


SR Slew rate 


unity gain 
RL=2Kn 


0.8 


1.5 




V/ius 


CMR Common mode rejection 


Vi=10V 

Tmin < Top < Tmax 


70 


90 




dB 


SVR Supply voltage rejection 


Vj=1V f=100Hz 
"^min ^ Top *^ Tmax 


80 


100 




dB 


CS Channel separation 


f =10KHz Rg=1 Kn 




105 




dB 



(*) Both amplifiers. 
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Fig. 1 -Open loop frequency 
and phase response 



Fig. 2 - Open loop gain vs. 
ambient temperature 
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Fig. 3 - Supply voltage rejec- 
tion vs. frequency 
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Fig. 4 - Large signal fre- 





quency response 








G-3695M 


^0 






















(Vpp) 






































^ 


2A 










































20 






Vs=i15V 
Rl=2K/1 
Gv=20dB 
d = 3»/. 






























16 


































12 






















V 






















\ 
























\ 
























"^ 


A 

















































i 





















Fig. 5 - Output voltage 
swing vs. load resistance 
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Fig. 6 - Total input noise vs. 
frequency 
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Fig. 7 - Channel separation Fig. 8 - Transient response 
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Fig. 9 - Voltage follower 
large-signal pulse response 
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APPLICATION INFORMATION 



Fig. 10 - Mike/Line preamplifier for audio mixers (0 dB to 60 dB continuously variable gain) 



XLR 
INPUT 



0.68^F ^^^^ 



u^^ 



560Kn 

-CZh- 




Note — The particular characteristics of the circuit of fig. 10 is that using a linear potentiometer, the gain is continu- 
ously variable in a logarithmic mode from dB to 60 dB in the audio band. 



Fig. 1 1 - Microphones nomograph 



SOUND 
PRESSURE LEVEL 



MICROPHONE 
OUTPUT VOLTAGE 



- NOISY FACTORY 
'l Pascal (Pa) =1new1on/ 

- SUBV/AY TRAIN 



AVERAGE STREET 
1 pbar=1dyne/c 
NOISY OFFICE 



• PRIVATE OFFICE 



40 -^ AVERAGE RESIDENCE 



MICROPHONE 
SENSITIVITY 




Fig. 12 - Very Low-Noise mike 
preamplifier {G^= 40 dB) 



560 pF 




Fig. 13 - Balanced input audio pre- 
amplifier 



R1 



2.2Kil 
BAL. 
INPUT 

R3 
2.2 



R2 

-CZI3- 




Mra 

^m S-A776/ 



UNBAL 
OUT. 
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APPLICATION INFORMATION (continued) 

Fig. 14 - 20 Hz to 200 Hz variable High-pass 
filter (Gv = 3 dB) 

0.15pF 0,15uF 




Fig. 15 - Frequency response 
of the High-pass filter of fig. 14 
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Fig. 16 - DC coupled low-pass Fig. 17 - Switchable HP-LP audio filter 
active filter (f = IKHz, 0^= 6 dB) 




O.IajF O.lLiF 





Fig. 18 - Subsonic or rumble filter (G„= dB) 



S-5279 "^^ I 




Vout 



Fig. 19 - High-cut filter {Gv= dB) 

■ C2 




OVout 



fc (Hz) 


C(MF) 


15 






0.68 


22 






0.47 


30 






0.33 


55 






0.22 


100 






0.1 


fc (KHz) 


C1 (nP) 


C2 (nF) 


3 


3.9 


6.8 


5 


2.2 


4.7 


10 


1.2 


2.2 


15 


0.68 


1.5 
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APPLICATION INFORMATION (continued) 
Fig. 20 - Fifth order 3.4 KHz low-pass Butterworth filter 

|C2 




1^* order 



2""or(l«- 



For fc = 3.4 KHz and Rj = R1 = R2 = R3 = R4 = 10 Kn, we obtain: 



CI =1.354 
C1 = 0.421 
C2= 1.753 



1 



1 



R 


2 7r fc 


1 


1 


R 


2 7r fc 


1 


1 


R 


2 7r fc 



= 6.33 nF 
= 1.97 nF 
= 8.20 nF 



C3 = 0.309 • 



C4 = 3.325 • 



2 7r fc 



2,7rfc 



= 1.45 nF 



= 15.14 nF 



The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 1 5 KHz. 



Fig. 21 - Six-pole 355 Hz low-pass filter (Chebychev type) 




This is a 6- pole Chebychev type with ± 0.25 dB ripple in the passband. A decoupling stage is used to 
avoid the influence of the input impedance on the filter's characteristics. The attenuation is about 55 dB 
at 710 Hz and reaches 80 dB at 1065 Hz. The in band attenuation is limited in practice to the ± 0.25 dB 
ripple and does not exceed 0.5 dB at 0.9 fc. 
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LINEAR INTEGRATED CIRCUITS 



PRELIMINARY DATA 



DUAL OPERATIONAL AMPLIFIERS 

• INTERNALLY COMPENSATED 

• SHORT-CIRCUIT PROTECTED 

• LOW POWER CONSUMPTION 

• WIDE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES 

• NO LATCH-UP 

The MC 1458 is a dual operational amplifier with frequency and phase compensation built into the chip, 
available In 8-lead minidip package and in 8-lead micropackage. It is intended for a wide range of 
applications where space and cost saving are the main goals. In spite of that, the MC 1458 offers good 
performance and absence of latch-up makes the device ideal for use as voltage follower, integrator, 
summing amplifier and general feedback applications. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 




±18 


V 


Vi 


Input voltage (*) 




±15 


V 


V, 


Differential input voltage 




±30 


V 


Ptot 


Power dissipation at Tamb= 70°C 


Minidip 


665 


mW 






Micropackage 


400 


mW 


Top 


Operating temperature 




Oto 70 


°C 


Tstg 


Storage temperature 




-55 to 150 


^C 



(*) For Vg lower than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 



MECHANICAL DATA 



Dimensions in mm 






^■sm:'x^^ 


MiMMHB 




WfMmM 


|g-|pi| 


'vh^t'-AS^'-^dKxk 


i 


a 


mm 


mmmm 


fai«| 


m^^ 


wmism 


m. 




kMm 








Jfjy||il|||| 



S^iiiiS 
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CONNECTION DIAGRAM AND ORDERING NUMBERS 

(top view) 



A 
INV INR 



NON INV r 
INP A I 3 



8 |*Vs 

I OUTPUT 



N\ 



^ I INV INP 
6 I B 



Type 


Minidip 


SO-8 


MC 1458 


MC 1458 P1 


MC 1458 M 


MC 1458C 


MC1458CP1 


MC 1458 CM 



SCHEMATIC DIAGRAM (one section) 



NON 

INVERTING 
INPUT O— -tCO^I 



INVERTING 
INPUT O- 




08^ 



.^7 




09 012* 




. "v 4^" 



5 Qio>^-l:oii 



IRI R3 nR2 R4 




R8 



< 



015^1 *> 



^ 



.< — i:qi6 



a^ 



'—^ 



-4 



ou 



W N 



R9 

OUTPUT 
O 




nRi2 riRii 



THERMAL DATA 


Minidip 


SO-8 


Rth j-amb Thermal resistance junction-ambient max 


120°C/W 


200* °C/W 


* Measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm.). 
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ELECTRICAL CHARACTERISTICS (Vs= ± 15V, 1^^^= 25°C, unless otherwise specified) 



Parameter 


Test conditions 


MC 1458 


MC 1458C 


Unit 


Min. 


Typ. 


Max. 


Min. 


Typ. 


Max. 


Ig Supply current 
(both amplifiers) 








5.6 






8 


mA 


lb Input bias current 








0.5 






0.7 


mA 


0°C<Top<70°C 






0.8 






1 


V 1 nput offset voltage 


Rg< 10 Kn 




2 


6 




2 


10 


mV 


Rg<10Kn 
0°C<Top<70°C 






7.5 






12 


^^os Input offset voltage 


Rg = 10 Kn 
0°C<Top<70°C 




6 






6 




mV/°c 


AT clrift 


1 OS 1 nput offset current 






20 


200 




20 


300 


nA 


0°C<Top<70°C 






300 






400 


^'os Input offset current 


0°C<Top<70°C 




0.5 






0.5 




nA/°C 


AT drift 


Igc Output short circuit 
current 






20 






20 




mA 


Gy Large signal open 
loop voltage gain 


Rl= 2Kn 


Tamb= to 
70° C 


83 












dB 




86 


106 










Rl= lOKn 


Tamb= to 
70° C 








83 






dB 










86 


106 




B Unity gain 
bandwidth 






0.8 






0.8 




MHz 


eisi Input noise 
voltage 


B= 10Hz 
to 10 KHz 


Rg= 1 Kf2 




3 






3 




)uV 


Rg= 500 Kn 




25 






25 




Vq Output voltage 
swing 


RL=2Kr2 


± 10 


± 13 




±9 


± 13 




V 


Rl= 10 Kn 


± 12 


± 14 




± 11 


± 14 




SR Slew Rate 




0.3 






0.3 






V/ms 


CMR Common mode 
rejection 




70 


90 




60 


90 




dB 


SVR Supply voltage 
rejection 




76 


90 






90 




dB 


Common mode 
input voltage range 




± 12 


± 13 




± 11 


± 13 




V 
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LINEAR INTEGRATED CIRCUIT 



TBA231A 



DUAL AUDIO PREAMPLIFIER 

• SINGLE OR DUAL SUPPLY OPERATION 

• LOW NOISE FIGURE 

• HIGH GAIN 

• LARGE INPUT VOLTAGE RANGE 

• EXCELLENT GAIN STABILITY VERSUS SUPPLY VOLTAGE 

• NO LATCH UP 

• OUTPUT SHORT CIRCUIT PROTECTED 

The TBA 231 A is a monolithic integrated dual operational amplifier in a 14-lead dual in-line plastic 

package. 

These low-noise, high-gain amplifiers show extremely stable operating characteristics over a wide range i 

of supply voltage and temperatures. j 

The device is intended for a variety of applications requiring two high performance operational ampii- | 

fiers, such as phono and tape stereo preamplifier, TV remote control receiver, etc. | 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


±18 


V 


V, 


Differential input voltage 


± 5 


V 


VCM 


* Common mode input voltage 


±15 


V 


Ptot 


Power dissipation at Tamb < 60 °C 


500 


mW 


Tstg 


Storage temperature 


-40 to 150 


°C 


•op 


Operating temperature 


Oto 70 


°C 



ForVs<±15V, VcMmax=Vs 



ORDERING NUMBER: TBA 231 A 
MECHANICAL DATA 



Dimensions in mm 




.J1B.J 







20"^ 


*■::'' 






n 


XL 


n, n 


M. 


M 


n 


■ 14 

D 

i 










a 

7 


^XJ 


-TT 


u'a 


w 


lar 


u 
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CONNECTION DIAGRAM 

(top view) 



TEST CIRCUIT 



OUTPUT A 1 [ 
OUTPUT LAG A 2 [ 
INPUT LAG A 3 [ 
INPUT LAG A 4 [ 
NON INV. INP. A 5 [ 
INV. INPUT A 6 [ 



] 14 V^ 

] 13 OUTPUT B 

] 12 OUTPUT LAG E 

] 11 INPUT LAG B 

] 10 INPUT LAG B 

9 NON INV. INP. E 

] 8 INV. INPUT B 




SCHEMATIC DIAGRAM 



+ Vs 




6 6 6 

NON INVERTING INVERTING 
INPUT A INPUT A 



■O OUTPUT B 



O OUTPUT LAG B 



THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 180 °C/W 
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ELECTRICAL CHARACTERISTICS (Tanib= 25°C, Rl= 50 ko to pin 1, unless otherwise 
specified,Vs = ± 15V) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Id Quiescent drain current 


Vo = 




9 


14 


mA 


Vqs Input offset voltage 


Rg = 20012 




1 


6 


mV 


Iqs Input offset current 






50 


1000 


nA 


I|3 Input bias current 






250 


2000 


nA 


^CM Common mode input voltage 
range 




± 10 


± 11 




V 


Rj Input resistance 


f = 1 kHz 


37 


150 




kn 


G^ Voltage gain 


Vo = ± 5V 


6500 


20 000 




- 


, Vq Positive output voltage swing 




+12 


+13 




V 


Vq Negative output voltage swing 




-14 


-15 




V 


Rq Output resistance 


f = 1 kHz 




5 




kn 


CMR Common mode rejection 


Rg = 200n 


70 


90 




dB 


SVR Supply voltage rejection 


Rg = 200ri 




50 




mV/v 


SR Slew rate 


Unity gain 

Ci =0.1 juF Ri =4.7n 




1 




V/)US 


CS Channel separation 


Rg=10kn f=10kHz 




140 




dB 


NF Noise figure 


Rg= 10kI2 

B= 10 Hz to 10 kHz 




1.5 




dB 



Fig. 1 - Output voltage 
swing vs. supply voltage 
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Fig. 2 - Quiescent drain cur- 
rent vs. supply voltage 
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Fig. 3 - Open loop voltage 
gain vs. supply voltage 
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Fig. 4 - Open loop frequency 
response using recommeded 
connpensation networks 
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Fig. 5 - Output voltage 
swing vs. frequency for vari- 
ous compensation networks 
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Fig. 6 - Input noise voltage 
vs. frequency 
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Fig. 7 - Input noise current 
vs. frequency 
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Fig. 8 - Closed loop gain vs. 
frequency 
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Fig. 9 - Open loop voltage 
gain vs. temperature 
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APPLICATION INFORMATION 

Fig. 10 - TV remote control receiver 
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LINEAR INTEGRATED CIRCUIT 






GENERAL PURPOSE TRANSISTOR ARRAY 

The TBA 331 is an array of 5 monolithic NPN transistors in a 14-lead dual in-line plastic package. Two 
transistors are internally connected to fornn a differential amplifier. 

The transistors of the TBA 331 are well suited to low noise general purpose and to a wide variety of 
applications in low power systems in the DC through VHF range. They may be used as discrete compo- 
nents in conventional circuits; in addition, they provide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 



ABSOLUTE MAXIMUM RATINGS 







Each 


Total 






transistor 


package 


VcBO 


Collector-base voltage (1^ == 0) 


20 


- V 


VcEO 


Collector-emitter voltage (Ib = 0) 


15 


- V 


Vcss* 


Collector-substrate voltage 


20 


- V 


Vebo 


Emitter-base voltage dc = 0) 


5 


- V 


Ic 


Collector current 


50 


- mA 


Ptot 


Total power dissipation at Tgmb ^ 55°C 


300 


750 mW 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 °C 


• op 


Operating temperature 


Oto 


85 °C 



The collector of each transistor of the TBA 331 is isolated from the substrate by an integrated diode. 
The substrate (pin 13) must be connected to the most negative point in the external circuit to main- 
tain isolation between transistors and to provide for normal transistor action. 



ORDERING NUMBER: TBA 331 
MECHANICAL DATA 



Dimensions in mm 








20ma 


^ 






n 


XL 


,n n 


sx. 


XL 


n., 


3 

1 










"8 
■ 7 


U 


TT 


U" U' 


xr 


tr 


o 
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SCHEMATIC DIAGRAM 



2 

Q 



1 
9 



Q1 



5 
Q 



Q 



Q2 



6 
3 



S-3763 



8 

o 



Q3 



6 
6 




1 



11 
O 



QA 



O 
9 



O 
10 



U 
Q 



Q5 



6 
12 13 
substrate 



THERMAL DATA 



each 



Total 



f^th j-amb Thermal resistance junction-ambient 



max 



315°C/W 



126°C/W 



ELECTRICAL CHARACTERISTICS (Tg^b = 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


IcBO Collector cutoff 
current (1^ = 0) 


VcB = 10 V 




0.002 


40 


nA 


1 


•ceo Collector cutoff 
current (Ib = 0) 


VcE = 10 V 




see 
curve 


0.5 


mA 


2 


|Ibi-Ib2I Input offset 
current 


Ic = 1 mA 
VcE = 3 V 




0.3 


2 


iuA 


7 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


fyp. 


Max. 


Unit 


Fig. 


^CBO Collector-base 
voltage (Ie = 0) 


Ic ■= IOmA 


20 


60 




V 


- 


^CEO Collector-emitter 
voltage (Ig = 0) 


Ic = 1 mA 


15 


24 




V 


- 


Vcss collector-substrate 
voltage (less = 0) 


Ic = 10)uA 


20 


60 




V 


- 


^CE (sat) Collector-emitter 
saturation voltage 


Ig = 1 mA 
Ic = 10 mA 




0.23 




V 


— 


Vebo Emitter-base 

voltage (Ic = 0) 


Ie = lOiuA 


5 


7 




V 


- 


VgE Base-emitter 
voltage 


Ie = 1 mA 
VcE = 3 V 
Ie = 10mA 
VcE = 3 V 




0.715 
0.8 




V 
V 


4 
4 


|Vbei-Vbe2I '"put offset 
voltage 


Ic = 1 mA 
VcE = 3 V 




0.45 


5 


mV 


4-6 


|Vbe3-Vbe4I '"put offset 
voltage 


Ic = 1 mA 
VcE = 3 V 




0.45 


5 


mV 


4-6 


|Vbe4-Vbe5I Input offset 
voltage 


Ic = 1 mA 
VcE = 3 V 




0.45 


5 


mV 


4-6 


|Vbe5-Vbe4I Input offset 
voltage 


Ic = 1 mA 
VcE = 3 V 




0.45 


5 


mV 


4-6 


A VgE Base-emitter 


Ic = 1 mA 
VcE = 3 V 




-1.9 




mV/°C 


5 


*j voltage 

temperature 
coefficient 


|Vbei-Vbe2I Input offset 
^j voltage 

temperature 
coefficient 


Ic = 1 mA 
VcE = 3 V 




1.1 




juV/°C 


6 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit. 


Fig. 


hpE DC current gain 


Ic = 10 mA 
VcE= 3V 




100 






3 


Ic = 1 mA 
VcE = 3 V 


40 


100 




_ 


3 


Ic = IOmA 
VcE = 3 V 




54 




- 


3 


fy Transition 
frequency 


Ic = 3 mA 
VcE= 3V 


300 


550 




MHz 


14 


NF Noise figure 


Ic = IOOmA 
VcE= 3V 
f = 1 KHz 
Rg = 1 kfi 




3.25 




dB 


8 


Hje Input impedance 


Ic = 1 mA 
VcE = 3 V 
f = 1 kHz 




3.5 




kn 


9 


hfe Forward current 
transfer ratio 


Ic = 1 mA 
VcE = 3 V 
f = 1 kHz 




110 






9 


h^e Reverse voltage 
transfer ratio 


Ic = 1 mA 
VcE = 3 V 
f = 1 kHz 




1.8x10" 


( 




9 


hoe Output 

admittance 


Ic = 1 mA 
VcE = 3V 
f = 1 kHz 




15.6 




MS 


9 


Vie Input 

admittance 


Ic = 1 mA 
VcE= 3V 
f = 1 MHz 




0.3+jO.O^ 


% 


mS 


11 


Yfe Forward 

transadmittance 


Ic = 1 mA 
VcE= 3V 
f = 1 MHz 




31-J1.5 




mS 


10 


y^e Reverse 

transadmittance 


Ic = 1 mA 
VcE= 3V 
f = 1 MHz 




>ee curv 


B 


mS 


13 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Unit. 


Fig. 


Yce Output 

admittance 


Ic = 1 mA 
VcE= 3V 
f = 1 MHz 


O.OOI+jO.OS 


mS 


12 


Cebo Emitter-base 
capacitance 


Ic = 
Veb= 3V 




0.6 




pF 


— 


CcBo Collector-base 
capacitance 


Ie = 
VcB= 3V 




0.58 




PF 


_ 


Cess Collector-sustrate 
capacitance 


Ic = 

Vcss= 3V 




2.8 




pF 


— 



Fig. 1 - Collector cutoff 
current vs ambient tempera- 
ture 
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Fig. 2 - DC current gain vs. 
emitter current. 
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Fig. 3 - Input voltage and 
input offset voltage vs. emit- 
ter current 
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Fig. 4 - Input characteristic 
for each transistor 



Fig. 5 - Input offset voltage 
vs. ambient temperature 



Fig. 6 - Input offset current 
for matched transistor pair 
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Fig. 7 - Noise figure vs col- Fig. 8 - Forward admittance Fig. 9 - Input admittance 

lector current 
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Fig. 10 - Output admittance Fig. 1 1 - Reverse admittance 



Fig. 12 - Transition fre- 
quency 
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LINEAR INTEGRATED CIRCUIT 



5W AUDIO AMPLIFIER 

The TBA 800 is a monolithic integrated power amplifier in a 12-lead quad in-line plastic package. The 
external cooling tabs enable 2.5W output power to be achieved without external heatsink and 5W 
output power using a small area of the P.C. board copper as a heatsink. 
It is intended for use as a low frequency Class B amplifier. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


30 


V 


lo 


Peak output current (non repetitive) 


2 


A 


lo 


Peak output current (repetitive) 


1.5 


A 


Ptot 


Power dissipation at Tamb= 80°C 


1 


W 




at Ttab = 90°C 


5 


W 


Tstg.Ti 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TBA 800 



MECHANICAL DATA 



Dimensions in mm 



fi3^ 
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CONNECTION AND SCHEMATIC DIAGRAMS 

(top view) 



SUPPLY VOLTAGE [ 

N C 

SUPPLY VOLTAGE [ 



GROUND 



BOOTSTRAP 

COMPENSATION 

FEEDBACK 



] OUTPUT 
] N,C^ 
] GROUND 



GROUND 
(SUBSTRATE) 

8 ] INPUT 

7 ] RIPPLE REJECTION 

S-0329 




TEST CIRCUIT 







* C3, C7 see fig. 5. 
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THERMAL DATA 



Rth j-tab Thermal resistance junction-tab 



Rt, 



rib Thermal resistance junction-ambient 



max 
max 



12 
70* 



°C/W 
°C/W 



* Obtained with tabs soldered to printed circuit with minimized copper area. 



ELECTRICAL CHARACTERISTICS(Refer to the test circuit, Tamb=25°C, Vs=24V, Rl= 16^, 
unjess otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vq Quiescent output voltage 
(pin 12) 




11 


12 


13 


V 


Id Quiescent drain current 






9 


20 


mA 


lb Input bias current (pin 8) 






1 


5 


mA 


Pq Output power 


d = 10% f = 1 kHz 


4.4 


5 




W 


Vi(mis) Input saturation voltage 




220 






mV 


Vj* Input sensitivity 


Pq = 5W f = 1 kHz 




80 




mV 


Rj " Input resistance (pin 8) 


f =1 KHz 




5 




MO 


B Frequency response (-3 dB) 


C3 = 330pF 


40 to 20,000 


Hz 


d Distortion 


Pq = 50 mW to 2.5W 
f = 1 kHz 




0.5 




% 


Gv Voltage gain (open loop) 


f = 1 kHz 




80 




dB 


Gy Voltage gain (closed loop) 


f = 1 kHz 


39 


42 


45 


dB 


eivj Input noise voltage 


B = 22 Hz to 22 KHz 




5 




mV 


i(yj Input noise current 




0.2 




nA 


r} Efficiency 


Pq = 5W f = 1 kHz 




75 




% 


SVR Supply voltage rejection 


fripple=100Hz 

C5= 25 mF 
C5= 100 mF 




35 
38 




dB 
dB 


Id Drain current 


Po = 5W 




280 




mA 



* See fig. 6. 
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Fig. 1 - Output power vs. 
supply voltage 
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Fig. 2 - Maximum power 
dissipation vs. supply voltage 
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Fig. 3 - Distortion vs. out- 
put power 
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Fig. 4 - Distortion vs. fre- 
quency 

























-0587/2 


{%) 
















Hill' 






^ 














:^=i6n 




... 






1 










^f=56 


a 






3 






=o = 50n 


nW 








































2 


- 


- 
































Po=2.5\ 


N 




























1 > 
V 


s, 
























^. 








-^ 






n 











Fig. 5 - Value of C3 vs. Rf Fig. 6 - Voltage gain (closed 

for various values of B loop) and input voltage vs. 
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Fig. 7 - Power dissipation 
and efficiency vs. output 
power 




Fig. 8 - Quiescent output 
voltage (pin 12) vs. supply 
voltage 






Fig. 9 - Supply voltage 
rejection vs. Rf. 
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APPLICATION INFORMATION 

Fig. 10 - Circuit with the load connected to the supply voltage 



+ Vs=2AV 

o 



XX^TTT 



C9. 
0.1;jF "T "T lOOpF 
25V 




' C3, C7 see fig. 5. 



Compared with the other circuits, this configuration entails a lower number of external components 
and can be used at low supply voltages. 

Fig. 1 1 - Circuit with load connected to ground without bootstrap. 




*C3, C7 see fig. 5. 



Rl=160 



This circuit is only for use at high voltages. The pin 3 is left open circuit, this automatically inserts 
diodes D2-D3 (see schematic diagram) and this enables a symmetrical wave to be obtained at the output. 
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LINEAR INTEGRATED CIRCUIT 



FULLY-PROTECTED 7W AUDIO AMPLIFIER FOR CB RADIO 

• HIGH OUTPUT POWER (7W AT 16V/4n; 14.4V/2n) 

• HIGH OUTPUT CURRENT (3A REPETITIVE) 

• LOAD DUMP PROTECTION UP TO 40V 

• LOAD SHORT CIRCUIT PROTECTION UP TO V^ = 15V 

• POLARITY INVERSION PROTECTION 

• THERMAL PROTECTION 



The TBA 810CB is a monolithic integrated circuit in a 12-lead quad in-line plastic package, expressly 
designed for use as a power audio amplifier in CB radios. 

The TBA 810 ACB has the same electrical characteristics as the TBA 810CB but its cooling tabs are flat 
and pierced so that an external heatsink can be easily attached. 



ABSOLUTE MAXIMUM RATINGS 



Vs(peak) 


Peak supply voltage (50 ms) 


40 


V 


Vs 


DC supply voltage 


28 


V 


Vs 


Operating supply voltage 


20 


V 


lo 


Output peak current (non repetitive) 


4 


A 


lo 


Output peak current (repetitive) 


3 


A 


Ptot 


Power dissipation at Tg^b < 80°C (for TBA 810CB) 


1 


W 




Ttab < 1 00°C (for TBA 810ACB) 


5 


W 


Tstg'Tj 


Storage and junction temperature 


-40 to 150 


"C 



ORDERING NUMBER: 



TBA810CB 
TBA810ACB 



MECHANICAL DATA 



Dimensions in mm 




TBA810CB 




TBA 810ACB 



6/82 
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CONNECTION AND SCHEMATIC DIAGRAMS 

(top view) 



BOOTSTRAP [ 

COMPENSATION [ 
FEEDBACK [ 



121! OUTPUT 

11 p N.C. 

10 ] G ROUND 



9 ] GROUND 

(SUBSTRATE) 
8 ] INPUT 




TEST AND APPLICATION CIRCUIT 




lOO^iF- 
6V 

56Q 



•Je-C3.C7 SEE FIG.6 



:7 -Jf r^ 

5600pFZp p, 

lOO/jF c^r^^cipF 



Iz L 



THERMAL DATA 




TBA 810CB 


TBA810ACB 


Rth j-tab Thermal resistance junction-tab 
Rth i-amb Thermal resistance junction-ambient 


max 
max 


12°C/W 
70* °C/W 


10°C/W 
80°C/W 



* Obtained with tabs soldered to printed circuit with minimized copper area. 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit; V^ = 14.4V, Tamb= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage (pin 1) 




4 




20 


V 


Vq Quiescent output voltage 
(pin 12) 




6.4 


7.2 


8 


V 


Id Quiescent drain current 






12 


20 


nnA 


lb Input bias current (pin 8) 






0.4 




mA 


Pq Output power 


d= 10% f = 1 kHz 

RL = 4n 

RL=2n 


5.5 
5.5 


6 

7 




W 
W 


^i(rms) input saturation voltage 




220 






mV 


Vj Input sensitivity 


f = 1 kHz 

Po = 6W RL = 4n 

Rf = 56n 

Rf = 22n 

Po = 7W RL=2n 

Rf = 56n 

Rf=22l2 


■ 


75 
30 

55 
20 




mV 
mV 

mV 
mV 


Rj Input resistance (pin 8) 






5 




Mf2 


B Frequency response 
(-3 dB) 


RL = 41l/2n 
C3= 820 pF 
C3= 1500 pF 


40 to 20 000 
40 to 1 000 


Hz 
Hz 


d Distortion 


Pq = 50 mW to 2.5W 
Rl = 4^/212 
f = 1 kHz 




0.3 




% 


Gv Voltage gain (open loop) 


RL=4n f = 1 kHz 




80 




dB 


Gy Voltage gain (closed loop) 


RL = 4n/2n f = 1 kHz 


34 


37 


40 


dB 


eisi. Input noise voltage 


Vs= 16V 

B (-3dB) = 40 to 15 000 Hz 




2 




mV 


i|\j Input noise current 




80 




pA 


r] Efficiency 


Po = 6W Rl = 412 
f = 1 kHz 




75 




% 


SVR Supply voltage rejection 


RL=4n Vripp,e=1 V.^^is 
fnpp,e=100Hz 


40 


48 




dB 
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Fig. 1 - Output power vs. 
supply voltage 





-■" 


: 




Rf 


= 5 
10 


en 

Hz 
















A 


y 


/ 


















" 




f 




1/i : j , . ... 




















- 


2 


il 












/ 


■/ 


/ 
























- 


H 












y 


/ 




i , 


\ 










- 


^ 


/J 


/ 








\ 


i 


-i- 










1 










i 


















' 


















-J 



Fig. 2 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 




Fig. 3 - Distortion vs. fre- 
quency {Rl= 4f2) 
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Fig. 4 - Distortion vs. fre- 
quency (Rl= 2^2) 
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Fig. 5 - Distortion vs. output 
power 
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Fig. 6 - Value of C3 vs. feed- 
back resistance for various 
values of B 
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Fig. 7 - Relative voltage gain 
(closed loop) and input volt- 
age vs. feedback resistance 
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Fig. 8 - Relative voltage gain 
(closed loop) and input volt- 
age vs. feedback resistance 



Fig. 9 - Power dissipation 
and efficiency vs. output 
power 
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Fig. 10 - Quiescent output 
voltage {pin 12) vs. supply 
voltage 




Fig. 11 - Quiescent drain 
current vs. supply voltage 
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Fig. 12 - Supply voltage 
rejection vs. feedback re- 
sistance 
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BUILT-IN PROTECTION SYSTEMS 
Load dump protection 

The load dump case occurs in a car when the engine is running and the battery is disconnected: voltage 

spikes on the power line are supplied by the alternator since there is no clamping effect due to battery 

capacitance. 

The TBA 810CB was designed to withstand a pulse train on pin 1,of the type shown in Fig. 13. Providing 

an LC filter is included, as shown in Fig. 14, a much higher pulse train amplitude (up to 100 Vpeak) is 

allowed on the supply line with no damage to the device. 



Fig. 13 

AOV 



$50ms 



5;150ms 



Fig. 14 



From 
supply - 
line 



I 



3000yuF 

"lev 



To pini of 
"►TBASIOCB 



Short-circuit protection 

The TBA 810CB can withstand a permanent short circuit across the load for a supply voltage up to 15V. 

Polarity inversion protection 

High current (up to 5A) can be handled by the device with no damage for a longer period than the 
blow-out time of a quick 1 A fuse (normally connected in series with the supply). 

This feature is added to avoid destruction if, during fitting to the car, a mistake on the connection of the 
supply is made. 
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BUILT-IN PROTECTION SYSTEMS(continued) j 

Open ground protection 

When the radio is in the ON condition and the ground is accidentally opened, a standard audio amplifier 
will be damaged. On the TBA 810CB, protection diodes are included to avoid any damage. 

Inductive load protection 

A protection diode is provided between pin 12 and pin 1 (see the internal schematic diagram) to allow \ 

use of the TBA 810CB with inductive loads. 

In particular,theTBA810CB can drive the coupling transformer for audio modulation in CB transmitters. | 

DC voltage protection 

The maximum operating DC voltage on the TBA 810CB is 20V. 

However the device can withstand a DC voltage up to 28V with no damage. This could occur during « 

winter if two batteries were series connected to crank ^the engine. 



Thermal protection 

A thermal limiting circuit is internally provided on TBA 810CB to 
prevent chip temperature exceeding 150°C. This protection offers 
the following advantages: 

1. An overload on the output (even if permanent), or an above- 
limit ambient temperature can be withstood. 

2. The heatsink can be designed with smaller safety margins com- 
pared with that of a conventional power audio amplifier. 

The TBA 810CB will remain undamaged in the event of excessive 
junction temperature: all that happens is that Pq (and therefore P^ot) 
are reduced (Fig. 15). 



Fig. 15 - Output power and 
drain current vs. package 
temperature 
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MOUNTING INSTRUCTIONS 

The thermal power dissipated in the circuit may be removed by connecting the tabs to an external 
heatsink (Fig. 16) or by soldering them to an area of copper on the printed circuit board (Fig. 17). 
During soldering, tab temperature must not exceed 260°C and the soldering time must not be longer 
than 12 seconds. 



Fig. 16 - TBA 810 ACB mounting example 



PtotM||||mMmii|iiMMT|i 










5 _ __^ ^ 












3 E::::::r- ::: ^\ 1 .. - 






' ■: -:vM+-:::::-::.:..-f^;i|: ; 


r^'^ \^\ 


1 >^ %V\ 












387 



TBA810CB 



MOUNTING INSTRUCTIONS (continued) 
Fig. 17 -TBA 810CB mounting example 
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RELIABILITY 

The reliability of the TBA 810CB is very high thanks to the Fin-Dip package and assembly process. 
A CB radio is switched ON and OFF many thousands of times during the lifetime of the car. This causes 
thermal fatigue of the device and if suitable package and assembly processes were not used, failure of the 
die or wire bonding would be probable. Thanks to the particular process adopted for the TBA 810CB, 
the device can easily withstand the following stresses: 

— thermal fatigue: more than 10^ cycles with AT^ase— 100°C 

— thermal cycling: more than 10^ cycles between -55°C and +125°C 

— thermal shocks: more than 10^ cycles between -55°C and +125°C 

— relative humidity of 85% at 85°C is resisted for more than 10^ hours. 

Fig. 18 - P.C. board and component layout for the test and application circuit (1:1 scale) 
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LINEAR INTEGRATED CIRCUIT 



7W AUDIO AMPLIFIER 

The TBA 81 OP is an improvement of TBA 810S. 

It offers: 

— Higher output power (Rl = 4i2 and 2n) 

— Lower noise 

— Polarity inversion protection 

— Fortuitous open ground protection 

— Higher supply voltage rejection (40 dB min.) 

The TBA 81 OP is a monolithic integrated circuit in a 12-lead quad in-line plastic package, intended for 
use as a low frequency class B amplifier. 

The TBA 810 P provides 7-W output power at 16V/4n ; 7-W at 14.4V/2n. 

It gives high output current (up to 3A), high efficiency (75% at 6W output), very low harmonic and 
crossover distortion. The circuit is provided with a thermal limiting circuit and can withstand a short- 
circuit on the load for supply voltages up to 15V. 

The TBA 810AP has the same electrical characteristics as the TBA 81 OP, but its cooling tabs are flat and 
pierced so that an external heatsink can easily be attached. 

ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


20 


V 


«o 


Output peak current (non repetitive) 


4 


A 


«o 


Output peak current (repetitive) 


3 


A 


Ptot 


Power dissipation at Ta^b ^ 80°C (for TBA 810P) 


1 


W 




Ttab < 100°C (for TBA 81 GAP) 


5 


W 


TstgTj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TBA810P 
TBA810AP 

MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM (top view) 
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TEST AND APPLICATION CIRCUIT 




^C3,C7 SEE FIG.6 



THERMAL DATA 




TBA810P 


TBA810AP 


Rthj-tab Thermal resistance junction-tab 
Rthj-amb Thermal resistance junction-ambient 


max 
max 


12°C/W 
70*°C/W 


10°C/W 
80°C/W 



Obtained with tabs soldered to printed circuit with minimized copper area 



ELECTRICAL CHARACTERISTICS 

(Refer to the test circuit; Vg = 14.4V, Tamb ~ 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage (pin 1) 




4 




20 


V 


Vq Quiescent output voltage 
(pin 12) 




6.4 


7.2 


8 


V 


Id Quiescent drain current 






12 


20 


mA 


l|3 Input bias current 






0.4 




mA 


Pq Output power 


d = 10% f = 1 kHz 

RL=4n 

RL=2r2 


5.5 
5.5 


6 

7 




W 
W 


Vi(rms) Input saturation voltage 




220 






mV 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vj Input sensitivity 


f = 1 kHz 

Po=6W Rl=412 

Rf = 5612 

Rf = 2212 

Po = 7W Rl=212 

Rf = 5612 

Rf - 2212 




75 
30 

55 
20 




mV 
mV 

mV 
mV 


Rj Input resistance (pin 8) 






5 




M12 


B Frequency response 
(-3dB) 


Rl=- 412/212 
C3 = 820pF 
C3= 1500pF 


40 to 20 000 
40 to 1 000 


Hz 
Hz 


d Distortion 


Pq = 50 mW to 2.5W 

Rl= 412/212 f = 1 kHz 




0.3 




% 


Gy Voltage gain (open loop) 


RL=4n f = 1 kHz 




80 




dB 


Gy Voltage gain (closed loop) 


Rl= 412/212 f = 1 kHz 


34 


37 


40 


dB 


e^ Input noise voltage 


Vs = 16V 

B (-3dB) =40 to 15 000 Hz 




2 




mV 


i|vj Input noise current 




80 




pA 


17 Efficiency 


Po=6W Rl=412 
f = 1 kHz 




75 




% 


SVR Supply voltage rejection 


RL=4i7 Vripp,e=1V,^3 
fripple^lOOHz 


40 


48 




dB 


Id Drain current 


Po = 6W Rl=412 




600 




mA 



Fig. 1 - Output power vs. 
supply voltage 
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Fig. 2 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 
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Fig. 3 - Distortion vs. fre- 
quency (Rl = 4i2) 
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Fig. 4 - Distortion vs. fre- 
quency (Rl = 2ii) 




Fig. 5 - Distortion vs. output 
power 
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Fig. 6 - Value of C3 vs. 
feedback resistance for va- 
rious values of B 




Fig. 7 - Relative voltage gain Fig. 8 - Relative voltage gain 

(closed loop) and input vol- (closed loop) and input vol- 

tage vs. feedback resistance tage vs. feedback resistance 
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Fig. 9 - Total power dissi- 
pation and efficiency vs. 
output power 





--, 


^T 


J 










r 


























v^=u 


















































































































































































M 


a 






























Ail, 


,0 




































•* 


'^ 






2f 






Ptot 




















^ 






._j 


_ 




- 


"'^ 


a 


















^ 


/ 
















2x1 
















/ 




/ 










■ ' 
























/ 




/ 






y 
































/ 




^ 
































/ 


/ 




^' 


' 








An 
























f^ 


-^ 








" 






- 








hot 












r 


/ 




































// 


/ 






































y> 








































p 

















































































20 AO 



100 120 Rf (n) 



20 AG 60 80 100 120 Rf (A) 



Fig. 10 - Quiescent output 
voltage (pin 12) vs. supply 
voltage 
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Fig. 11 - Quiescent drain 
current vs. supply voltage 
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Fig. 12 - Supply voltage re- 
jection vs. feedback resitance 
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MOUNTING INSTRUCTIONS 

The thermal power dissipated in the circuit may be removed by connecting the tabs to an external 
heatsink (TBA 810 AP see figs. 13 and 14), or by soldering them to an area of copper on the printed 
circuit board (TBA 81 OP see fig. 15). During soldering, tab temperature must not exceed 260°C and the 
soldering time must not be longer than 12 seconds. 



Fig. 14 - Mounting example of the TBA 810 AP 



Fig. 13 - Maximum power 
dissipation vs. ambient tem- 
perature {TBA810AP only) 
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Fig. 15 - Maximum power dissipation vs. cooper area of the P.C. board (TBA 81 OP only) 
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THERMAL SHUTDOWN 

The presence of a thermal limiting circuit offers the follo- 
wing advantages: 

1) An overload on the output (even if it is permanent), or 
an above-limit ambient temperature can be easily 
withstood, 

2) The heatsink can have a smaller factor of safety com- 
pared with that of a conventional circuit. There is no 
device damage in the event of excessive junction tempe- 
rature: all that happens is that Pq, (and therefore Ptot) 
are reduced. 



Fig. 16 - Output power and 
drain current vs. package 
temperature 
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Fig. 17 - P.C. board and component layout for the test and application circuit (1:1 scale) 
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LINEAR INTEGRATED CIRCUIT 



7W AUDIO AMPLIFIER 

The TBA 810 S is a monolithic integrated circuit in a 12 lead quad in-line plastic package, intended for 

use as a low frequency class B amplifier. 

The TBA 810 S provides 7 W power output at 16 V/4n,6Wat 14.4 V/4'n, 2.5 W at 9 V/4 n, 1 Wat 

6 V/4 a and works with a wide range of supply voltages (4 to 20 V); it gives high output current (up to 

2.5 A), high efficiency (75% at 6 W output), very low harmonic and cross-over distortion. In addition, 

the circuit is provided with a thermal protection circuit. 

The TBA 810 AS has the same electrical characteristics as the TBA 81 OS, but its cooling tabs are flat 

and pierced so that an external heatsink can easily be attached. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


20 


V 


lo 


Output peak current (non-repetitive) 


3.5 


A 


lo 


Output current (repetitive) 


2.5 


A 


Ptot 


Power dissipation: at Tgmb — 70° C 


1 


W 




atTtab = 100°C 


5 


W 


Tstg' Tj 


Storage and junction temperature 


-40 to 150 


°c 



ORDERING NUMBERS: TBA 810 S 

TBA 810 AS 



MECHANICAL DATA 



Dimensions in mm 




Rnfl 


— r 


n P) n 


H^r 


-i 


UUU 



TBA 810 S 




TBA 810 AS 
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CONNECTION AND SCHEMATIC DIAGRAM 

(top view) 



SUPPLY 
VOLTAGE 

N.C. 
N.C. 



BOOTSTRAP [ A 

COMPENSATION [ 5 



[6 



12] 



10 



OUTPUT 
] N.C. 
] GROUND 



9 ] GROUND 

(SUBSTRATE) 
8 ] INPUT 

„ -1 RIPPLE 
' J REJECTION 




TEST AND APPLICATION CIRCUIT 




See fig. 5 



THERMAL DATA 




TBA810S 


TBA810AS 


Rth j-tab Thermal resistance junction-tab 
Rth j-amb Tliermal resistance junction-ambient 


max 
max 


12°C/W 
70*° C/W 


10°C/W 
80 ° C/W 


* Obtained with tabs soldered to printed circuit with minimized copper area. 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit; T, 



25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs Supply voltage (pin 1) 




4 




20 


V 


Vq Quiescent output voltage (pin 12) 


Vs - 14.4V 


6.4 


7.2 


8 


V 


Id Quiescent drain current 




12 


20 


mA 


lb Bias current (pin 8) 




0.4 




juA 


Pq Power output 


d = 10% 

Rl= 4n 

f = 1 kHz 
Vs = 16V 
Vs = 14.4V 
Vs = 9V 
Vs= 6V 


5.5 


7 

6 

2.5 

1 




W 
W 
W 
W 


Vi(rms) Input voltage 








220 


mV 


Vj Input sensitivity 


Po = 6W 
Vs = 14.4V 
RL=4i2 
f =1kHz 
Rf =5612 
Rf =22n 




80 
35 




mV 
mV 


Rj Input resistance (pin 8) 






5 




M12 


B Frequency response 
(-3dB) 


Vs = 14.4V 
RL=4n 
C3=820pF 
C3 = 1500pF 


40 to 20,000 
40 to 10,000 


Hz 
Hz 


d Distorsion 


Pq = 50m W to 3W 
Vs = 14.4V 
RL=4a 
f =1kHz 




0.3 




% 


G^ Voltage gain 
(open loop) 


Vs = 14.4V 
Rl=412 
f =1kHz 




80 




dB 


G^ Voltage gain 
(closed loop) 


Vs = 14.4V 
Rl=412 
f =1kHz 


34 


37 


40 


dB 


6|vj Input noise voltage 


Vs = 14.4V 

Rg=0 

B (-3 dB) = 20Hz to 
20,000 Hz 




2 




mV 


i|sj Input noise current 


Vs = 14.4V 

B (-3 dB) = 20 Hz to 

20,000 Hz 




0.1 




nA 


17 Efficiency 


Po-5W 
Vs = 14.4V 
RL=4n 
f =1kHz 




70 




% 


SVR Supply voltage rejection 


Vs = 14.4V 

RL=4n 

fripple^lOOHz 




38 




dB 
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Fig. 1 - Power output versus 
supply voltage 
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Fig. 2 - Maximum power 
dissipation versus supply 
voltage (sine wave operation) 




Fig. 3 - Distorsion versus 
output power 
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Fig. 4 - Distorsion versus 
frequency 



Fig. 5 - Value of C3 versus 
Rf for various values of B 
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Fig. 6 - Power dissipation 
and efficiency versus output 
power 
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Fig. 7 - Quiescent output 
voltage (pin 1 2) versus supply 
voltage 
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Fig. 8 - Quiescent current 
versus supply voltage 
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Fig. 9 - Supply voltage 
rejection 
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For portable equipment the circuit in Fig. 10 has the advantages of fewer external components and a 
better behaviour at low supply voltages (down to 4 V). 



Fig, 10 - Application circuit with load connected to the supply 
voltage 




Fig. 1,1 - Supply voltage 
rejection versus Rf 
(circuit of fig. 10) 



SVR 
























1 














frIR) 




; i :Vc=u-A 






















' i R.AQ 




















~ 


-i - 

i 

!■ 




, if , -innM-r 






















'ipp 




















































■4-1 



















































































































iv 




























10 


\ 










































■" 


"^ 


"^ 


^ 








20 


i\ 


/ 


^ 


X 








■ 












































30 


i j '* 


V| 


/ 




























































-AO 


■■■■'! !■[ 





































































































150 R^(n) 



♦ C3,C7 see fig. 5 



MOUNTING INSTRUCTIONS 



The thermal power dissipated in the circuit may be removed by connecting the tabs to an external heat 
sink (TBA 810 AS - fig. 12) or by soldering them to an area of copper on the printed circuit board (TBA 
810 S- fig. 13). 



Fig. 12 - Maximum power 
dissipation versus ambient 
temperature (for TBA 810 
AS only) 
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Fig. 13 - Maximum power dissipation 
versus copper area of the P.C. board (for 
TBA 810 S only) 
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During soldering the tabs temperature must not exceed 260 °C and the soldering time must not be longer 

than 12 seconds. 

Fig. 14a and 14b show two ways that can be used for mounting the device. 

Fig. 14a shows a method of mounting the TBA 810 S, that is satisfactory both from the point of view 

of heat dissipation and from mechanical considerations. For TBA 810 AS the desired thermal resistance 

is obtained by fixing the elements shown in fig. 14b, to a suitably dimensioned plate. This plate can also 

act as a support for the whole printed circuit board; the mechanical stresses do not damage the integrated 

circuit. This is firmly fixed to the element, in fig. 14b. 



Fig. 14a 



Fig. 14b 



^3:::^ 



Rth = 30°C/W 





THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers 
the following advantages: 

1) An overload on the output (even if it is 
permanent), or an above-limit ambient 
temperature can be easily supported. 

2) The heat sink can have a smaller factor of 
safety compared with that of a conven- 
tional circuit. There is no device damage in 
the case of too high a junction temperature: 
all that happens is that Pq (and therefor 
P^Q^) and 1^ are reduced (fig. 15). 



Fig. 15 - Output power and 
drain current versus package 
temperature 
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LINEAR INTEGRATED CIRCUIT 



MINIDIP 1.2W AUDIO AMPLIFIER 

The TBA 820M is a monolithic integrated audio amplifier in a 8 lead dual in-line plastic package. It is 
intended for use as low frequency class B power amplifier with wide range of supply voltage: 3 to 16V, 
in portable radios, cassette recorders and players etc. Main features are: minimum working supply volt- 
age of 3V, low quiescent current, low number of external components, good ripple rejection, no cross- 
over distortion, low power dissipation. 
Output power: Po= 2W at 12V/8n , 1 .6W at 9V/4n and 1 .2W at 9V/8n . 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


16 


V 


lo 


Output peak current 


1.5 


A 


Ptot 


Power dissipation at Tamb= 50°C 


1 


W 


T«g,Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TBA 820M 



MECHANICAL DATA 



Dimensions in mm 



r isp 


i 


^WMU 


nM 




4 


4 JL 


W 


_ 



n n n n, 



*u u u u* 
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CONNECTION DIAGRAM 

(top view) 



TBA820M 



FREQUENCY 
COMPENSATION 

GAIN SETTING 

INPUT 

GROUND 



RIPPLE 
REJECTION 




SCHEMATIC DIAGRAM 
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TEST AND APPLICATION CIRCUITS 

Fig. 1 - Circuit diagram with load connected to the supply voltage. 



CA 
10V SIO.I/uF 




-0*Vs 



Fig. 2 - Circuit diagram with load connected to ground. 



Vi a 




OWs 



' Capacitor C6 must be used when high ripple rejection is requested. 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



100 



°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits Vs= 9V, Tamb= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs Supply voltage 




3 




16 


V 


Vq Quiescent output voltage (pin 5) 




4 


4.5 


5 


V 


Id Quiescent drain current 






4 


12 


mA 


lb Bias current (pin 3) 






0.1 




mA 


Pq Output power 


d= 10% f = 1 kHz 
Rf= 120n 

Vs=12V RL=8n 
Vs=9V RL=4r2 
Vs=9V RL=8n 
Vs=6V RL=4n 
Vs=3.5V RL=4n 
Vs=3V RL=4n 


0.9 


2 

1.6 
1.2 
0.75 
0.25 
0.20 




W 
W 
W 
W 
W 
W 


Vj (rms) Input sensitivity 


Po=1.2W 
RL=8n 
f = 1 kHz 


Rf= 3312 




16 




mV 


Rf= 120n 




60 




Po= 50 nnW 
RL=8n 
f = 1 kHz 


Rf= 33n 




3.5 




mV 


Rf=120n 




12 




R| Input resistance (pin 3) 


f = 1 kHz 




5 




Mi7 


B Frequency response (-3 dB) 


RL=^n 

C5 = 1000mF 

Rf=120n 


Cb= 680 pF 


25 to 7,000 


Hz 


Cb= 220 pF 


25 to 20,000 


d Distortion " 


Po= 500 mW 
Rl=8I2 
f = 1 kHz 


Rf= 33n 




0.8 




% 


Rf= 12012 




0.4 




G^ Voltage gain (open loop) 


f = 1kHz Rl=8I2 




75 




dB 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Gv Voltage gain (closed loop) 


RL=8n 
f = 1 kHz 


Rf= 33^ 




45 




dB 


Rf=120n 




34 




eivi Input noise voltage (*) 






3 




mV 


lisi Input noise current (*) 






0.4 




nA 


^■j-j— Signal to noise ratio (*) 


Po=1.2W 
RL=8n 
Gv= 34 dB 


R1= lOKn 




80 




dB 


R1=50kr2 




70 




SVR Supply voltage rejection 
(test circuit of fig. 2) 


Rl=8^ 

f (ripple) = 100 Hz 

C6= 47 mF 

Rf=120n 




42 




dB 



(*)B = 22Hzto22KHz 



Fig. 3 - Output power vs. 
supply voltage 



(W) 
1.6 



Fig. 4 - Harmonic distortion 
vs. output power ^ ^g^, 



Fig.5-Powerdissipation and 
efficiency vs. output power 
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Fig. 6 -Maximum power dis- 
sipation (sine wave oper- 
ation) 
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Fig. 7 - Suggested value of 
Cb vs. Rf 



Fig. 8 - Frequency response 
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Fig. 9 - Input sensitivity vs. 
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Fig. 10 - Voltage gain 
(closed loop) vs. Rf 
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Fig. 11 - Harmonic 
tion vs. frequency 
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Fig. 12 - Supply voltage 
rejection (fig. 2 circuit) 
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Fig. 13 - Quiescent output 
voltage at pin 5 vs. supply 
voltage 
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Fig. 14 - Quiescent current 
vs. supply voltage 
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APPLICATION INFORMATION 

Fig. 15 - Low cost toy AM radio (0,5 to 1,5 iVIHz) 




S -3698/1 



Fig. 16 - 1.5W DC/DC converter (f = 40 KHz) 
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LINEAR INTEGRATED CIRCUITS 



TCASOO 
TCA91Q 



MOTOR SPEED REGULATORS 

The TCA 900 and TCA 910 are monolithic integrated circuits in Jedec TO-126 plastic package. They are 
designed for use as speed regulators for DC motors of record players, cassette recorders and players. 
The TCA 900 is particularly suitable for battery operated portable equipments, and the TCA 910 for 
car-battery and mains operations. 



ABSOLUTE MAXIMUM RATINGS 


TCA 900 


TCA 910 


Vs Supply voltage 

Ptot Total power dissipation at Tamb" 70°C 

at Tease =100°C 

Tgtg Storage temperature 
Tj Junction temperature 


14V 1 20V 

0.8 W 

5W 

-55 to 150 °C 

150 °C 



ORDERING NUMBERS: TCA 900 

TCA 910 



MECHANICAL DATA 



Dimensions in mm 



Pin 3 connected to metal part of mounting} surface 



w 



as"" 
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CONNECTION AND SCHEMATIC DIAGRAMS 



^ 




THERMAL DATA 



'th j-case 



Thermal resistance junction-case 



Rth j-amb Thermal resistance junction-ambient 



Typ. 
Typ. 



10 °C/W 
100 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb= 25°C unless otherwise 
specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


V re f R ef e re nee vo 1 tage 

(between pins 2 and 3) 


Vj = 5.5V 
Im = 70 mA 
Rt = 




2.6 




V 


Ida Quiescent current 
(at pin 3) 


Vs = 5.5V 
lm=0 

Rt = o 




2.6 




mA 


Vm Output voltage 

(for TCA 900 only) 


Vs = 5.5V 
Im = 70 mA 
Rj = 9in 




3.6 


3.9 


V 


y^ Output voltage 

(for TCA 910 only) 


Vs = 9V 
Im = 70 mA 
Ry = 270n 




5.6 


6.3 


V 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vi_2 Dropout voltage 


Im = 70 mA 




1.2 




V 


I2 Limiting output 
current (at pin 2) 


Vs = 5.5V 
V2_3= 




400 




mA 


k = Al2/Al3 


Vg = 5.5V 
I2 = 70 mA 
AI2 = ± 10mA 

Ry = 




8.5 




. 


AV 

"^ /AVs Line regulation 

Vm (for TCA 900 only) 


Vs= 5.5V to 12V 
lm = 70mA 

Ry=91« 




0.1 




%/V 


"^ /AVg Line regulation 
^m (for TCA 910 only) 


Vs = 10Vto16V 
lm = 70mA 
Ry = 270n 




0.1 




%/V 


AV 

— ^/Alm Load regulation 


Vs = 5.5V 

lm = 40 to 100 mA 

Rt = 




0.005 




%/mA 


-r~-/^^amb Temperature 
Vref coefficient 


Vi_3= 5.5V 
•2= 70 mA 
Tamb=-20to70°C 




0.01 




%/°C 



Fig. 1 - Test circuit. 



Fig. 2 - Typical application circuit. 



^S- 




TCA906^^2 
TCA91 0^ 
3 



?1' 



o- 




TCA900^ ^2 
TCASIQx"'^ T 



i 



©I'l 



411 



TCA9QQ 
TCA910 



Fig. 3 - Normalized k vs. I2- 
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Fig. 4 - Dropoul 
output current 
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tage vs. 

G- 0830/2 
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Fig. 5 - Maximum allowable 
power dissipation vs. am- 
bient temperature 
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Fig. 6 - Minimum Eq allow- 
able vs. Rt 



APPLICATION INFORMATION 

The regulator supplies the motor in such a way as to keep its speed constant, independent of supply 
voltage, applied torque and ambient temperature variations. 
The basic equation for the motor is: 

V^ = Eo+Rm U = ai n+aac 

Where: \l ^ = supply voltage applied to the motor 

Eq = back electromotive force 

n = motor speed (r.p.m.) 

Rm = internal resistance (of the motor) 

Ifn = current absorbed (by the motor) 

ai and a2= constants 

c = drive torque 
A voltage supply with the following characteristics 
E = Eq E = electromotlce force 

Rq — -Rm Rq = output resistance 

gives performance required. o ao so 120 leo 200 2A0RT(n) 

This means that a variation in current absorbed by the motor,due to a variation in torque applied, causes 
a proportional variation in regulator output voltage, in fig. 6 is shown the minimum allowable Eq vs. Rj. 
The TCA 900 and TCA 910 give a reference constant voltage V^ef (between pins 2 and 3) independent 
of variations of Vg, Ig and ambient temperature. 
They also give: I3 = 1^13 -I- 12/k 

Where: I3 = total current at pin 3 

'd3 ~ quiescent current at pin 3 (I2 = 0) 

I2 = current at pin 2 

k = constant 
The output voltage Vm, applied to the motor has the following value: 

Vm= V,ef +Rt [ 



Rt=kxr^ ; 



^(1+V> + '-1+YRt 



Term 1 Term 2 

Term 1 equals Eq and fixes the motor speed by means of the variable resistor Rg," 
Term 2 -^ — . Ry equals the term R^- Im and, therefore, compensates variations of torque applied. 



Complete compensation is achieved when: 
If Rt max > k Rm min instability may occur. 



Rt = k R„ 
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LINEAR INTEGRATED CIRCUIT 



low AUDIO POWER AMPLIFIER 

The TCA 940N is a monolithic integrated circuit in a 12-lead quad in-line plastic package, intended for 
use as a low frequency class B annplifier. The TCA 940N provides 10W output power @ 20V/4n, 7W @ 
16V/4n and 6.5W @ 20V/8n . It gives high output current (up to 3A), very low harmonic and cross-over 
distortion. Besides the thermal shut-down, the device contains a current limiting circuit which restricts 
the operation within the safe operating area of the power transistors. The TCA 940N is pin to pin 
equivalent to the TBA 810 AS. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


28 


V 


lo 


Output peak current (non-repetitive) 


3.5 


A 


lo 


Output peak current (repetitive) 


3 


A 


Ptot 


Power dissipation: at Tgrnb- 50°C 


1.25 


W 




at Ttab = 70°C 


8 


W 


Tstg/Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TCA 940N 



MECHANICAL DATA 



Dimensions in mm 






, 762 






,.§e-". 


1 




nr 


i •■ 


1 j 


1 11 




1 


tt 


u 

25.5**' 
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CONNECTION AND SCHEMATIC DIAGRAMS 

(top view) 

Y 1)10 



SUPPLY 
VOLTAGE 

N.C. 
N.C. 



[ 1 12 ] OUTPUT 



11 ] N.C. 
10 ] GROUND 



BOOTSTRAP [a 9 ] GROUND 

(SUBSTRATE) 
COMPENSATION [ 5 8 ] INPUT 

FEEDBACK [J 6 7 ] ^[^Ij^q^ 



! ^ V 






Vo2 



|*a. Q^. t i 



P^ 



t D3 

— J-'ae 



I 
I* aio 



"■j^ 



?f- 



T ''^^ I X l_xl 



li imitingI 1 I 

^1 CIRCUIT I t * i."' 

1 . !"• 



D7 08 09 

I - -W >t >t 



Qj^"" 1 CIRCUIT r 






-^9) 



TEST AND APPLICATION CIRCUIT 




C2 

22 200ajF 
16V 



:o.ipF 



S-0668/2 



^=C3.C7SEE FIG.7 
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THERMAL DATA 



^th j-tab 
^th j-amb 



Thermal resistance junction-tab 
Thermal resistance junction-ambient 



max 
max 



10 
80 



°C/W 

°c/w 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tar„b= 25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


V5 Supply voltage (pin 1) 




6 




28 


V 


Vq Quiescent output voltage (pin 1 2) 


Vs= 18V 


8.2 


9 


9.8 


V 


Id Quiescent drain current 


Vs= 12V 
Vs = 24V 




13 
20 




mA 
mA 


l|3 Input bias current (pin 8) 


Vs=18V 




0.5 




juA 


Pq Output power 


d = 10% f=1kHz 
Vs = 20V RL=4n 
Vs=18V RL=4r2 
Vs=16V Rl=4I1 
Vs = 20V RL=8n 
Vs = 18V RL=8n 


7 


10 
9 
7 

6.5 
5 




W 
W 
W 
W 
W 


Vi(rms) Voltage for input saturation 




250 






mV 


Vj Input sensitivity 


Po = 9W Vs = 1 8V 
RL = 4n f = 1 kHz 




90 




mV 


B Frequency response (-3 dB) 


Vs=18V RL=4n 
C3 = 1000pF 


40 Hz to 20 KHz 




d Distortion 


Po = 50 mW to 5W 
Vs=18V RL=4n 
f = 1 kHz 




0.3 




% 


Rj Input resistance (pin 8) 






5 




Mn 


Gy Voltage gain (open loop) 


Vs=18V Rl = 4I2 
f = 1 kHz 




75 




dB 


Gy Voltage gain (closed loop) 


Vs=18V Ri_=4n 
f = 1 kHz 


34 


37 


40 


dB 


e|vj Input noise voltage 


Vs=18V Rg = 




3 




mV 


i|vj Input noise current 


Vs=18V 




0.15 




nA 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


n 


Efficiency 


Po = 9W Vs=18V 
f = 1 kHz 




65 




% 


SVR 


Supply voltage rejection 


Vs=24V RL=4n 
tipple = 100 Hz 




45 




dB 


Id 


Drain current 


Po = 9W Vs=18V 

Ri_ = 4n 




770 




mA 


Tsd 


Thermal shut-down (*) 
Case temperature 


Ptot = 4.8W 




110 




°C 



(*) See fig. 15. 



Fig. 1 - Output power vs. 
supply voltage. 
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Fig. 2 - Maximum power 
dissipation vs. supply volt- 
age (sine wave operation) 
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Fig. 3 -Distortion vs. output 
power. 
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Fig. 4 - Voltage gain and 
input sensitivity vs. feed- 
back resistance (Rf) 




Fig. 5 - Distortion vs. fre- 
quency (Rl.= 4n) 
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Fig. 6 - Distortion vs. fre- 
quency (R|_= 8n) 
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Fig. 7 - Value of C3 vs. Rf 
for different bandwidths 



3Si 




Fig. 8 - Supply voltage 
rejection vs. feedback .re- 
sistance (Rf) G-,2« 
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Fig. 9 - Power dissipation 
and efficiency vs. output 
power (Rl= 4n) ^ ,^^ ,, 
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Fig. 10 - Power dissipation 
and efficiency vs. output 
power (Rl=8i2) 
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Fig. 11 - Quiescent output 
voltage (pin 12) vs. supply 
voltage 
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Fig. 12 - Quiescent cui-rent 
vs. supply voltage 
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SHORT CIRCUIT PROTECTION 

The most important innovation in the TCA 940N is an original circuit which limits the current of the 
output transistors. Fig. 13 shows that the maximum output current is a function of the coileptor-emitter 
voltage; hence the circuit works within the safe operating area of the output power transistors. This can 
therefore be considered as being power limiting rather than simple current limiting. The TCA 940N is 
thus protected against temporary overloads or short circuit by the above circuit. Should the short circuit 
exists for a longer time, the thermal shut-down comes into action and keeps the junction temperature 
within safe limits. 



Fig. 13 - Maximum output 
current vs. voltage (Vce) 
across each output transistor 



Fig. 14 - Test circuit for the limiting characteristics 
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THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following 
advantages: 

1) an overload on the output (even if it is permanent), or an 
above-limit ambient temperature can be easily supported. 

2) the heatsink can have a smaller factor of safety compared 
with that of a conventional circuit. There is no device 
damage in the case of too high a junction temperature: all 
that happens is that Pq (and therefore Ptot) and Id are 
reduced (fig. 15). 



Fig. 15 - Output power and 
drain current vs. case tem- 
perature o.ns 
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MOUNTING INSTRUCTION 

The power dissipated in the circuit may be removed by connecting the tabs to an external heatsink ac- 
cording to fig. 16. The desired thermal resistance may be obtained by fixing the TCA 940N to a suitably 
dimensioned plate as shown in fig. 17. This plate can also act as a support for the whole printed circuit 
board; the mechanical stresses do not damage the integrated circuit. During soldering the tabs tempe- 
rature must not exceed 260°C and the soldering time must not be longer than 12 seconds. 



Fig, 16 - Maximum allow- 
able power dissipation vs. 
ambient temperature 



Fig. 17 - Mounting example 
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Fig. 18 - P.C. board and components layout of the test and application circuit (1:1 Scale) 
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LINEAR INTEGRATED CIRCUIT 



FM-IF RADIO SYSTEM 

• HIGH LIMITING SENSITIVITY 

• HIGH AMR 

• HIGH RECOVERED AUDIO 

• GOOD CAPTURE RATIO 

• LOW DISTORTION 

• MUTING CAPABILITY 

The TCA 3089 is a monolithic integrated circuit in a 16-lead dual in-line plastic package. It provides a 
complete subsystem for amplification of FM signals. 
The functions incorporated are: 

— FM amplification and detection 

— Interchannel controlled muting 

— AFC and delayed AGC for FM tuner 

— Switching of stereo decoder 

— Driver of a field strength meter 

The TCA 3089 can be used for FM-IF amplifier application in Hi-Fi, car-radios and communication 
receivers. 



ABSOLUTE MAXIMUM RATINGS 



V, 


Supply voltage 


16 


V 


lo 


Output current (from pin 15) 


2 


mA 


Ptot 


Total power dissipation at Tamb ^ 70°C 


800 


mW 


Tst, 


Storage temperature 


-55 to 150 


°C 


' op 


Operating temperature 


-25 to 70 


°C 



ORDERING NUMBER: TCA 3089 
MECHANICAL DATA 



Dimensions in mm 




, 6.4"^^" 



OA 



7.6 



u u u u u u 
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CONNECTION DIAGRAM 

(top view) 




IF INPUT 




V 

1 


16 


] N.C. 


BYPASS 




2 


15 


] AGC OUTPUT 


BYPASS 




3 


U 


] GROUND 


GROUND 




A 


13 


T FIELD STRENGTH 
J METER 


MUTE INPUT 




5 


12 


] MUTE OUTPUT 


audiooutput[ 


6 


11 


] SUPPLY VOLTAGE 


AFC OUTPUT 


[ 


7 


10 


] REF. BIAS 


OUAQ OUTPUT [ 


8 


9 


] QUAD.INPUT 
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BLOCK DIAGRAM 
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CONTROL (i)- 
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TEST CIRCUIT 





2.7kn 

CZD 1 Oafc out 

nFl 

27kn 

^ QAUDIO OUT 



J. Miokn J. n33 ^,,^^1 



o 

AGC OUTPUT 
*L tunes with lOOpF at 10.7 MHz (Qo=75) 



VOFF 63 
kn 



o 

FIELD STRENGTH 
METER OUTPUT 



S:0.33|jF 



THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 100 ^'C/W 



ELECTRICAL CHARACTERISTICS 



(Refer to the test circuit; Vs= 12V, fo= 10.7 MHz, 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


DC CHARACTERISTICS 


Is Supply current 




16 


23 


30 


mA 


Vj Voltage at the IF amplifier 
input 




1.2 


1.9 


2.4 


V 


^2, V3 Voltage at the input bypassing 




1.2 


1.9 


2.4 


V 


Vg Voltage at the audio output 




5 


5.6 


6 


V 


V^o Reference bias voltage 




5 


5.6 


6 


V 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



AC CHARACTERISTICS 



Vi(threshold) Input limiting voltage (-3 dB) 
at pin 1 


fm= 1 kHz 
Af= ± 75 kHz 




12 


25 


mV 


Vo Recovered audio voltage 
(pine) 


Vj> 100 mV 
f^= 1 kHz 
Af= ± 75 kHz 


300 


400 


500 


mV 


Vy Recovered audio voltage 
(pin 7) 


200 


350 


500 


mV 


d Distortion 


Vj > 1 mV 
f^= 1 kHz 
Af= ± 75 kHz 




0.5 


1 


% 


S + N 

— Signal to noise ratio 


60 


67 




dB 


AMR Amplitude modulation 
rejection 


V, = lOOmV 
f^= 1 kHz 
Af = ± 75 kHz 
m =0.3 


45 


55 




dB 


V, Input voltage for delayed 
AGC action (pin 1) 






10 




mV 


Vi5 AGC output 


V, = 100 mV 






0.5 


V 


^'7 AFC control slope (note 1) 

6f 


Vj = lOmV 




1.2 




kHz 


Vi3 ■ Field strength meter output 
sensitivity 


Vj = 0.5mV 




1.5 




V 


No signal mute (note 2) 


muting: ON 


55 






dB 



Note: 1) A 17 = 



AV7 



2) No signal mute ^ 20 log 



Vo@ Vj > 100 juV 
Vq @ Vj= 
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Fig. 1 - Relative recovered 
audio and noise output vs. 
input voltage 



Fig. 2 - Capture ratio vs. 
input voltage 




Fig. 4 - AFC output current 
vs. change in tuning fre- 
quency 



Fig. 5 - Annplitude modu- 
lation rejection vs. input 
voltage 
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Fig. 3 - AGC (V15) and 
field strength meter output 
(V13) vs. input voltage 
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Fig. 6 - AMR vs. change in 
tuning frequency 
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APPLICATION INFORMATION 

Fig. 7 - P.C. board and component layout of the circuit of fig. 8(1:1 scale) 




C5-0P87 



425 



TCA30N 



Fig. 8 - Typical application circuit 



FIELD 

STRENGTH 

METER 



r 



O^S= 12V 



R6-H- 



I 1 20 kg ATOkQ MUTE CONTROL 

It: 




Notes (1): When Vj is less than 12V, a resistor R8= 12 kn must be connected between audio output and ground, 
and the integrator capacitor C5 must be changed to 10 nF, as follows: 



■T 




* Dependent on field strength meter sensitivity. 
** Dependent on the tuner's AFC circuit. 

* ** L2 tunes with 100 pF at 10.7 MHz (Qq = 75) 
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LINEAR INTEGRATED CIRCUIT 



wmm 



FM-IF HIGH QUALITY RADIO SYSTEM 

• EXCEPTIONAL LIMITING SENSITIVITY 

• VERY LOW DISTORTION (0.1% - DOUBLE TUNED DETECTOR COIL) 

• IMPROVED S/N RATIO 

• EXTERNALLY PROGRAMMABLE AUDIO LEVEL 

• ON CHANNEL STEP FOR SEARCH CONTROL 

• PROGRAMMABLE AGC VOLTAGE AND AFC FOR TUNER 

• INTERCHANNEL MUTING (SQUELCH) 

• DEVIATION MUTING 

• DIRECT DRIVE OF TUNING METER 

• DIRECT DRIVE OF FIELD STRENGTH METER 

The TCA 3189 is a monolithic integrated circuit in a 16-lead dual in-line plastic package, which provides 
a complete subsystem for amplification of 10.7 MHz FM signal in Hi-Fi, car-radios and communications 
receivers. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


16 


V 


lo 


Output current (from pin 15) 


2 


mA 


Ptot 


Total power dissipation at T^fTib ^ 70°C 


800 


mW 


Tstg 


Storage temperature 


-55 to 150 


°C 


1 op 


Operating temperature 


-25 to 85 


°C 



ORDERING NUMBER: TCA 3189 
MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 
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SCHEMATIC DIAGRAM 




DEVIATION MUTE 

DETECTOR 

AND AFC AMPLI. 



|v1 .^^^ ^ 

4 .'## ?'- M^^^f?''^^x ^ 







TCA31^ 



THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



100 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Vs = 12V, Tamb= 25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage range 


No signal input, non muted 


9 




16 


V 


Ig Supply current 


20 


31 


44 


mA 


Vj Voltage at the IF amplifier input 


1.2 


1.9 


2.4 


V 


V2, V3 Voltage at the input bypass 


1.2. 


1.9 


2.4 


V 


Vi5 Voltage at the pin 15 (RF AGO 


7.5 


9.5 


11 


V 


Vio Reference bias voltage 


5 


5.6 


6 


V 


Vj Input limiting voltage (-3 dB) 
at pin 1 


fo = 10.7 MHz 
fm= 1 KHz 
Af= ± 75 KHz 




12 


25 


/iV 


Vq Recovered audio voltage (pin 6) 


Vi>50juV 
fo= 10.7 MHz 
f^= 1 KHz 
Af= ± 75 KHz 


325 


500 


650 


mV 


d Distortion (single tuned) 


Vj > 1 mV 
fo= 10.7 MHz 
f^= 1 KHz 
Af=±75KHz 




0.5 


1 


% 


d Distortion (double tuned) 




0.1 




% 


S + N Signal to noise ratio 
N 


65 


72 




dB 


AMR Amplitude modulation rejection 


Vj = 100 mV 
fo= 10.7 MHz 
i^ = 1 KHz 
Af =±75KHz 
AM mod. 30% 


45 


55 




dB 


V16 RFAGC threshold 






1.25 




V 


^•7 AFC control slope 

Af 






1.9 




KHz 


y \2 0" channel step (deviation mute) 


Vj = 100mV 
fo = 10.7 MHz 


^DEV. < 
± 40 KHz 









V 


fDEV.> 
± 40 KHz 




5.6 




V 
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TEST CIRCUITS 

Single tuned detector coil 



Double tuned detector coil 




I lOOpF 

T tt 



I ; ■ loopF ! ^ 




Fig. 1 - P.C. board and component layout of the single tuned circuit (1 :1 scale) 
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Fig. 2 - Limiting and noise 
characteristics 
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Fig. 3 - Deviation mute 
threshold vs. Ry.io 
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Fig. 4 - Recovered audio 
and muting action vs. input 
level 
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Fig. 5 - AFC characteristics 



Fig. 6 - AGC voltage for FM 
tuner vs. input level 
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Fig, 7 - Field strength and 
tuning meter output vs. 
input level 
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FEATURES 


TCA 3189 


TCA 3089 


Low Limiting Sensitivity (25 juV max.) 


Yes 


Yes 


Low Distortion « 1%) 


Yes 


Yes 


Single-coil Tuning Capability 


Yes 


Yes 


Programmable Audio Level 


Yes 


No 


S/N Mute 


Yes 


Yes 


Deviation Mute 


Yes 


No 


AFC and delayed AGC 


Yes 


Yes 


Programmable AGC Threshold and Voltage 


Yes 


No 


Typical S + N/N > 70 dB 


Yes 


No 


Typical S + N/N > 60 dB 


Yes 


Yes 


Meter Drive Voltage Depressed at Very-Low Signal Levels 


Yes 


No 


On-Channel Step Control Voltage 


Yes 


No 
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LINEAR INTEGRATED CIRCUIT 



^P^»i 




TV VISION IF SYSTEM 

The TDA 440S is a monolithic integrated circuit in a 16-lead dual in-line plastic package. The functions 
incorporated are: 

— Gain controlled vision IF amplifier 

— Synchronous detector 

— AGC detector with gating facility 

— AGC amplifier for PNP tuner drive with variable delay 

— Video preamplifier with positive and negative outputs. 

It is intended for use in black and white and colour TV receivers. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage (pin 13) 


15 


V 


Vs 


Voltage at pin 5 


15 


V 


Vio 


Voltage at pin 10 


/-1 


V 
V 


Vn 


Voltage at pin 1 1 (with load connected to V^) 


V 


'll' Il2 


Output current 


5 


mA 


Ptot 


Total power dissipation at Tamb ^ 70°C 


800 


mW 


Tstg 


Storage temperature 


-55 to 150 


°C 


Top 


Operating temperature 


Oto 70 


°C 



ORDERING NUMBER: TDA 440S 



MECHANICAL DATA 



Dimensions in mm 




6.A^ 



QA 
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CONNECTION DIAGRAM (top view) 
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THERMAL DATA 



Rthj-amb Thermal resistance junction-ambient 



max 100 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to fig. 1 test circuit, Tamb= 25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 



DC CHARACTERISTICS 



Vs 


Supply voltage range 
(pin 13) 




10 


12 


15 


V 




Is 


Supply current (pin 13) 


Vs= 12V 




50 




mA 


la 


-111''' 


Output current 


Vs = 15V 


Vn=8V 




1.6 




mA 


1b 


Vii<^> 


Output voltage 


Vs= 12V 


R5 = oo 






4.5 


V 


la 


R5 = 


7 






Vl2'^> 


Output voltage 


Vs = 12V 


Vii = 5.5V 




5.6 




V 


la 


AVii 


Output voltage drift 


Vs= 11 to 14V 




3.5 




% 


lb 


AVs 



AC CHARACTERISTICS (Refer to fig. 2 test circuit, V3 = 12V, Tamb= 25°C) 



I5 ^^^ Tuner AGC current 


V7 = R4 = 2.5Kjri 
fo = 38.9 MHz 


6 


9.5 




mA 


3c 


V7 AGC gating pulse input 
peak voltage 


f = 15.6 kHz 


-1.5 




-5 


V 


- 


Vj ^^^ Input sensitivity 


V7 = fo = 38.9 MHz 
Vji = 3.3V peak to peak 


100 


150 


220 


mV 


3c 


AVj AGC range 


V7 = AVo=1dB 

fo = 38.9 MHz 

Vii = 3.3V peak to peak 


50 


60 




dB 


Vq Peak to peak output 
voltage at pin 1 1 


V7 = Vii = 5.5V 
fo = 38.9 MHz 
Vj = see note (5) 


3.3 


3.5 


3.7 


V 



435 



TDA440S 



ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


AVq Video output varia- 
tion over the AGC 
range (0 to 5.5 MHz) 


Vy = AVi = 50dB 
Vii = 3.3V peak to peak 
fo = 38.9 MHz 
fm =0 to 5.5 MHz 




1 


2 


dB 


3b 


^11' ^12 Sound IF at video 
outputs (5.5 MHz) 


Vy = Vj = see note (5) 
fo (vision) - 38.9 MHz 
fo (sound) -33.4 MHz 


30 






mV 


3d 


Differential error of 
the output voltage 
(B&W) 


Vy =0 fo =38.9 MHz 
Vji = 3.3V peak to peak 






15 


% 


- 


^11' ^12 Video carrier and 

video carrier 2"^ har- 
nnonic leakage at 
video outputs 


Vy =0 

Vj = see note (5) 
fo =38.9 MHz 




15 




mV 


3c 


^11' ^12 Video carrier leakage 
at video outputs 




5 




mV 


B Frequency response 
(-3 dB) 


8 


10 




MHz 


3d 


d,r^ Intermodulation 
products at video 
outputs 


Vy = Vj = see note (5) 
fo (vision) = 38.9 MHz 
fo (sound) -33.4 MHz 
fo (chronna)- 34.5 MHz 




-50 


-40 


dB 


3a 


Rj Input resistance 
(between pins 1 
and 16) 


Vy -0 

Vj = see note (5) 
fo =38.9 MHz 




1.4 




kn 


- 


Cj Input capacitance 
(between pins 1 
and 16) 




2 




pF 


- 



NOTES: (1) Current flowing out from pin 11 with the load connected to V = 8V. 

(2) Vi2 and Vj2 are adjustable simultaneously by means of the resistance, or by a variable voltage < 0.6V, 
connected between pin 10 and ground. 

(3) Measured with an input voltage 10 dB higher than the Vj at which the tuner AGC current starts. 

(4) RMS values of the unmodulated video carrier (modulation down). 

(5) The input voltage Vj can have any value within the AGC range. 
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Fig. la - Test circuit for measurement 
of ls.Vii,Vi2 



Fig. lb - Test circuit for measurement 
of -1 11 andAVii/AVs 





S-0971 / 2 
TO A FOR U.TEST ; TO B FOR -I^ TEST 



Fig. 2 - AC test circuit 
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Note: Ti = 50/200^ Balun transformer. 

Vj = Input voltage between pins 1 and 16. 
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Fig. 3a - Set-up for measurement of dj, 
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Fig. 3b - Set-up for measurement of AVq 
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Fig. 3d - Set-up for measurement of B, V^i and V12 
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Fig. 4 - AGC voltage vs. 
input voltage variation 



Fig. 5 - Tuner AGC output 
current vs. IF gain variation 



Fig. 6 - Output black level 
vs. supply voltage 
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APPLICATION INFORMATION 

The TDA 440S enables very compact IF amplifiers to be designed and provides the performance de- 
manded by high quality receivers. 

The input tuning-trapping circuitry and the detector network can be aligned independently with respect 
to each other. 

The value of Q for the parallel tuned circuit between pin 8 and 9 is not critical, although the higher it 
is, the better is the chroma-sound beat rejection, but the tuning is more critical. Values of Q from 30 to 
50 give good rejection with non-critical tuning. 

The LC circuit between pins 8 and 9 is tuned to the vision carrier thus appreciably attenuating the side- 
bands. Hence a small amount of signal can be removed whose amplitude is almost constant over the 
whole working range of the AGC and it can be used to drive an AFC circuit. 

The black level at the output is very stable against variations of Vg and of temperature: this enables 
the contrast control to be kept simple. The AGC is of the gated type and can take the top of the 
synchronism or the black level (back porch) as its reference: when the latter is used, the output black 
level is particularly stable. 
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Fig. 8 - Typical application circuit. 
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screening can BR lO/ST 



cisL 

*Tk)/jF 
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-O AGC TUNER 



Typical performance of the Fig. 8 circuit 

Frequency response (fo vision = 38.9 MHz, fo sound = 33.4 MHz) 

standard CCIR 

Sound carrier attenuation 

31 .9 MHz trap attenuation 

40.4 MHz trap attenuation 

41 .4 MHz trap attenuation 

AGC range 

Overall gain including IF filter and trap 

circuits (note 1) 

Intermodulation products over the whole 

AGC range (note 2) 



NOTES: (1) The gain is measured at video output 3.3V peak to peak 
and is defined as peak to peak output voltage to RMS 
input voltage (modulation down). 
(2) Measured at 1.07 MHz, vision carrier level = dB, chroma 
carrier level = -6 dB, sound carrier level = -6 dB. 



Fig. 9 - Overall frequency 
response of the fig. 8 circuit 
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Fig. 10 - Circuit options for tuner AGC driving 
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LINEAR INTEGRATED CIRCUIT 



PREAMPLIFIER WITH ALC FOR CASSETTE RECORDERS 

• EXCELLENT VERSATI LITY in USE (V^ from 4 to 20V) 

• HIGH OPEN LOOP GAIN 

• LOW DISTORTION 

• LOW NOISE 

• LARGE AUTOMATIC LEVEL CONTROL RANGE 

• GOOD SUPPLY RIPPLE REJECTION 

• STEREO MATCHING BETTER THAN 3 dB 

The TDA 1054M is a monolithic integrated circuit in a 16-iead dual in-line plastic package. The func- 
tions incorporated are: 

— Low noise preamplifier 

— Automatic level control system (ALC) 

— High gain equalization amplifier 

— Supply voltage rejection facility (SVRF). 

It is intended as preamplifier in cassette tape recorders and players, dictaphones, compressor and ex- 
pander in industrial equipments, Hi-Fi preamplifiers and in wire diffusion receivers; for stereo appli- 
cations the ALC matching is better than 3 dB. 



ABSOLUTE MAXIMUM RATINGS 



Vg Supply voltage 

Ptot Total power dissipation at Tgmb "^ 50°C 

Tstg/Tj Storage and junction temperature 



20 V 

500 mW 

-40 to 150 °C 



ORDERING NUMBERS: TDA 1054M mono applications 
2 TDA 1054M stereo applications 



MECHANICAL DATA 



Dimensions in mm 




...-^'■y.:/::::.,M^m'}:/:::i: 




mM'mMMMM 


XL 


iiiiiil 


JL, 


^mmmMMm-MM^ 



6/82 



442 






CONNECTION AND SCHEMATIC DIAGRAMS 

(top view) 



© (3) ® (U) 
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02 EMITTER 






02 COLLECTOR 






BY -PASS 







. ALC RECOVERY 



15 ALC INPUT 



13 OUTPUT 



^ 



(5) ® 
Q1 Q2 




TEST CIRCUIT 




-0*Vs 



U-27( 



443 



TDA1054M 



THERMAL DATA 



Thermal resistance junction-ambient 



200 



°C/W 



ELECTRICAL CHARACTERISTICS 

(Refer to the test circuit, Tamb = 25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 




4 




20 


V 


«d 


Quiescent drain current 


Vs=9V Rl=°° 
SI =S2 = S3= B 




6 




mA 


hpE 


DC current gain 


Ic =0.1 mA VcE = 5V 


300 


500 




- 


Sn 


Input noise voltage (Q1) 


Ic =0.1 mA VcE = 5V 
f = 1 kHz 




2 




nV 


n/Hz 


'N 


Input noise current (Q1) 




0.5 




s/lTz 


NF 


Noise figure (Q1) 


Ic =0.1 mA VcE = 5 V 

Rg = 4.7 kn 

B (-3dB) = 20 to 10,000 Hz 




0.5 


4 


dB 


Gv 


Open loop voltage gain 
(for equalization 
amplifier) 


Vg = 9V f = 1 kHz 




60 




dB 


Vo 


Output voltage with 
A.L.C. 


Vg =9V Vj = lOOmV 
f = 1 kHz SI =S2 = S3 = A 




1.1 




V 


R1 


(for SVRF system) 


see schematic diagram 




7.5 




kn 


R2 


(for SVRF system) 




120 




a 


Bn 


Input noise voltage 

(for equalization amplifier 

pin 11) 


Vs = 9V Rg = 4.7 kn 

Gv=40dB S1-B 

B (-3dB)=22 Hz to 22 KHz 




1.3 




mV 


Vdr 


Drop-out (between pins 
14 and 2) 


Vs=9V Id =6mA 




0.8 




V 
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Fig. 1 - Equivalent input 
spot voltage and noise cur- 
rent vs. bias current (input 
transistor Q . ) 
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Fig. 2 - Equivalent input 
noise current vs. frequency 
(input transistor Q^) 
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Fig. 3 - Equivalent input 
noise voltage vs. frequency 
(input transistor Q^) 
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Fig. 4 - Noise figure vs. bias 
current (input transistor Qj ) 
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Fig. 5 - Optimum source 
resistance and minimum NF 
vs. bias current (input tran- 
sistor Qi ) 



Fig. 6 - Current gain vs. col- 
lector current (input tran- 
sistor Qi) 
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Fig. 7 - Open loop gain vs. 
frequency (equalization am- 
plifier) 
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Fig. 8 - Open loop phase re- 
sponse vs. frequency (equa- 





ization amplifier 
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APPLICATION INFORMATION 

Fig. 9 - Application circuit for battery/mains cassette player and recorder 
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Fig. 10 - P.C. board and component layout for the circuit fig. 9 (1 :1 scale) 
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Typical performance of circuit in fig. 9 

(Tamb=25°C,V, = 9V) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


PLAYBACK 


Gy Voltage gain 
(open loop) 


f = 20 to 20,000 Hz 




110 




dB 


G^ Voltage gain 
(closed loop) 


f = 1 kHz 




57 




dB 


IZjl Input impedance 


f =100 Hz 
f = 1 kHz 
f =10 kHz 




10 
41 
43 




ka 
ka 


IZqI Output innpedance 


f = 1 kHz 




12 


35 


n 


6 Frequency response 




see fig. 1 2 




d Distortion 


Vo=1V f =1kHz 




0.1 




% 


Output background noise 


Zg = 300n + 120 mH 
(DIN 45405) 




1.3 




mV 


*** Output weighted 
background noise 




1.3 




mV 


— ^j — Signal to noise ratio 


Vo=1.3V 

Zg = 300Jr2 + 120mH 




60 




dB 


SVR Supply voltage ripple 
rejection at the output 


Wple=100Hz 




30 




dB 


ton** Switch -on time 


Vo=1V 




500 




ms 


RECORDING 


Gyj Voltage gain 
(open loop) 


f = 20 to 20,000 Hz 




110 




dB 


G^ Voltage gain 
(closed loop) 


f = 1 kHz 




70 ■ 




dB 


B Frequency response 




see fig. 14 




d* Distortion without ALC 


Vo=1.1V f = 1 kHz 




0.3 




% 


d Distortion with ALC 


Vo=1.1V f = 10kHz 




0.4 




% 


ALC Automatic level control 
range (for 3 dB of output 
voltage variation) 


Vj <40mV f = 10 kHz 




54 




dB 


Vq Output voltage before 
clipping without ALC 


f = 1 kHz 




2.3 




V 


Vq Output voltage with ALC 


Vj =30mV f = 10 kHz 




1.1 




V 
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Typical performance of circuit in fig. 9 (continued) 



Parameter 


Test conditions ' 


Min. 


Typ. 


Max. 


Unit 


t|** 


Limiting time (see fig. 1 1 ) 


AVj = +40dB f = 1 kHz 




75 




ms 


tset** 


Level setting time 
(see fig. 1 1 ) 




300 




ms 


tree** 


Recovery time 
(see fig. 11) 


AVj = -40dB f - 1 kHz 




150 




s 


ton** 


Switch-on time 


Vo= 1-1V 




500 




ms 


S + N **** 
N 


Signal to noise ratio with 
ALC 


Vo=1.1V Rg = 470n 




64 




dB 



* Measured with selective voltmeter 
** This value depends on external network 
*** When the DIN 45511 norm for frequency response is not mandatory the equalization peak at 10 kHz can be 
avoided — so halving the output noise 
**** Weighted noise measurement (DIN 45405) 



Fig. 1 1 - Limiting, level setting, recovery time 
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trec = RECOVERY TIME 



Fig. 12 - Relative frequency 
response for the circuit in 
fig. 9 (playback) 
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Fig. 13 - Distortion vs. fre- 
quency for the circuit in fig. 
9 (playback) 
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Fig. 14 - Relative frequency 
response for the circuit in 
fig. 9 (recording) 
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Fig. 15 - Output voltage va- 
riation and distortion with 
ALC vs. input voltage for the 
circuit in fig. 9 (recording) 
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Fig. 16 - Distortion vs. fre- 
quency with ALC for the 
circuit in fig. 9 (recording) 
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Fig. 17 - Limiting and level 
setting time vs. input signal 
variation 
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Fig. 18 - Low cost application circuit 
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Fig. 19 - P.C. board and component layout for the circuit in fig. 18 (1:1 scale) 




Typical performance of circuit in fig. 18 



C5-0062 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


PLAYBACK 


Vg Supply voltage 




5 




12 


V 


Id Quiescent drain current 






18 




mA 


Gy Voltage gain (closed loop) 


f = 1 kHz 




54 




dB 


B Frequency response 


f =100 Hz 
f = 1 kHz 
f =6 kHz 
f =10 kHz 
f = 60 kHz 




12 

5 
11 
10 




dB 
dB 
dB 
dB 
dB 


d Distortion 


Vo= IV f = 1 kHz 




0.6 




% 


e^ Output weighted 
background noise 


Zg = 30011 + 120 mH 
(DIN 45405) 




1.3 




mV 
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Typical performance of circuit in fig. 18 (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


RECORDING 


Gy Voltage gain (closed loop) 


f 


= 1 kHz 




70 




dB 


B Frequency response 


f 
f 
f 


= 140 Hz 
= 1 kHz 
= 10 kHz 




-3 

4 




dB 
dB 
dB 


d Distortion 


Vc 


= 1.1V f =10 kHz 




0.7 




% 


ALC Range for 3 dB of output 
voltage variation 


Vi 


<40mV f =10 kHz 




54 




dB 



Fig. 20 - Typical stereo application circuit for battery/mains cassette player and recorder 
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Fig. 21 - Complete cassette player and recorder 
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r-^w. 



Fig. 22 - P.C. board and component layout for the circuit in fig. 21 (1:1 scale) 
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LINEAR INTEGRATED CIRCUIT 



msm 



MOTOR SPEED REGULATOR 

• EXCELLENT VERSATILITY IN USE 

• HIGH OUTPUT CURRENT (UP TO 800 mA) 

• LOW QUIESCENT CURRENT (1.7 mA) 

• LOW REFERENCE VOLTAGE (1.2V) 

• EXCELLENT PARAMETERS STABILITY VERSUS TEMPERATURE 

The TDA 1 151 is a monolithic integrated circuit in Jedec TO-126 plastic package. It is intended for use 
as speed regulator for DC morors of record players, tape and cassette recorders, movie cameras, toys etc. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


20 


V 


Ptot 


Total power dissipation at Tgrnb'^ 70°C 


0.8 


W 




at Tease = 100°C 


5 


W 


Tstg.Ti 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 1151 



MECHANICAL DATA 



Dimensions in mm 




iD Within this region the cross-section of the leads is uncontroiied 



TO-126 (SOT 32) 
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CONNECTION AND SCHEMATIC DIAGRAMS 



AA ^I I It . ^^ 



<^ 



I] OUT 
HGND 




i i — o 



TEST CIRCUIT 






-0»Vs 



lOOnF 



1 
TDA1151 2 
3 



li (>^Vre. 



lOOnF 



^%i 



JOV2-3 






S-1999 
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THERMAL DATA 



Rth j-case Thermal resistance junction-case 
Rth j-amb Thermal resistance junction-ambient 



max 
max 



10 °C/W 
100 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb= 25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vf^ef Reference voltage 

(between pins 1 and 2) 


Vs = 6V Im=0.1A 


1.1 


1.2 


1.3 


V 


Id Quiescent drain current 


Vs = 6V Im=100/zA 




1.7 




mA 


Ims Starting current 


Vs = 5V AVref/V,ef= -50% 


0.8 






A 


Vi_3 Minimum supply voltage 


Im=0.1A AVref/V,ef= -5% 






2.5 


V 


K=Im/It Reflection coefficient 


Vs = 6V Im=0.1A 


18 


20 


22 


- 


-f-Mv; 


Vs = 6Vto 18V Im=0.1A 




0.45 




%/V 


-^/AIm 


Vs = 6V Im= 25 to 400 mA 




0.005 




%/mA 


^M.T 


Vs = 6V Im=0.1A 
Tamb=-20to70°C 




0.02 




%rc 


AVref 
-r^^ /AVg Line regulation 


Vs = 6Vto 18V l|vi=0.1A 




0.02 




%/V 


AVref , 

ii "/Al|vi Load regulation 


Vs=6V Im= 25 to 400 mA 




0.009 




%/mA 




Vs = 6V Im=0.1A 
Tamb=-20to70°C 




0.02 




%rc 


Vref 
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Fig. 1 - Quiescent drain 
current vs. power supply 
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Fig. 2 - Quiescent drain 
current vs. ambient tem- 
perature 
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Fig. 3 - Reference voltage 
vs. supply voltage 









■ 




~ 


II 1 II 




~ 




"■ 




"^ 


~ 














1) lM=25mA 

2) Im = 50mA 
3)lM=100mA 
A) Im = 200mA 
5)Im = 400mA 
Tamb = 25;c 






































































































































































































































= 


jl. 


y^ 


- 














■ 


= 


■ 




= 






— 














" 




— 




— 


— 






_ 




_ 


i 

T 


- 


- 














«, 
















































T- 
























-1 
























5 























































































































































































































































20 40 60T,_bCC) 



Fig. 4 - Reference voltage 
vs. motor current 
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Tamb = 25*C 
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Fig. 5 - Reference voltage 
vs. ambient temperature 
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Fig. 6 - Reflection coef- 
ficient vs. supply voltage 
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Fig. 7 - Reflection coef- 
ficient vs. motor current 
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Fig. 8 - Reflection coef- 
ficient vs. ambient tem- 
perature o.,„3 
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Fig. 9 - Typical minimum 
supply voltage vs. motor 





current 
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APPLICATION INFORMATION 



o 



^Vs=9V 



TDA1151 2 
3 



T 




'm 



= Motor current at rated speed 

= Motor resistance 

= Back electromotive force 



'ref 



Ri 



""'" ^g-Kef-ld-Rr) 

Rj = K • Rm 

Rj — Ktyp • Rm typ 

'f Rt max ^ KR|vi min instability may occur 



Application circuit 

*VsO 



TDA1151 2 
3 



n 



-10V 



2.2/uF 
''3V 



Vs = +9V 
Rm = 14.2n 
Rt = 28012 
Re = 1 ki2 



Im = 150 mA 
Vm ~ Rm 



Note: A ceramic capacitor of 10 nF between pins, 1 and 2 improves stability in some applications. 



Fig. 10 - Speed variation vs. 
supply voltage 
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Fig. 1 1 - Speed variation vs. 
motor current 
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Fig. 12 -Speed variation 
ambient temperature 
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APPLICATION INFORMATION (continued) 
Low cost application circuit 



'VsQ 




S-2000 



Vc 



H12V 



Rm = 14.712 
Rt = 290i2 
Rs = 1 l<n 
Eg = 2.65V 
Im = 110mA 



Fig. 13 - Speed variation vs. 
supply voltage 
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Fig. 14 - Speed variatior 
motor current ^ 
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Fig. 15 - Speed variation vs. 
ambient temperature 
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LINEAR INTEGRATED CIRCUIT 



TV VERTICAL DEFLECTION SYSTEM 

The TDA 1 170 is a monolithic integrated circuit in a 12-lead quad in-line plastic package. It is designed 
mainly for use in large and small screen black and white TV receivers. 
The functions incorporated are: 

— oscillator 

— voltage ramp generator 

— high power gain amplifier 

— flyback generator 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage (pin 2) 


27 


V 


V4-V5 


Flyback peak voltage 


58 


V 


Vs 


Sync, input voltage 


±12 
/ 10 
1 -0.5 


V 


Vio 


Power amplifier input voltage 


V 
V 


lo 


Output peak current (non-repetitive) @ t = 2 ms 


2 


A 


lo 


Output peak current ® ! = ^^ [^'' ^^ ,^°^^ 
^ ^ @ f = 50Hz, t>10/xs 


2.5 
1.5 


A 
A 


Ptot 


Power dissipation: at Ttab — 90°C 


5 


W 




atTamb= 80°C (free air) 


1 


W 


Tstg. Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 1170 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION AND BLOCK DIAGRAM 

(top view) 



RAMP OUTPUT 


a 


1 12 


D 


RAMP 
GENERATOR 


SUPPLY VOLTAGE [ 


2 


] 


COMPENSATION 


FLYBACK 
GROUND 




n 


3 10 


D 




GROUND 


AMP. OU 


PUT 


^ 


. 


] 


OS 


:iLLATOR 


AMR VOLTAGE 


n 


5 8 


D 


SYNC. INPUT 


VOLTAGE 


ED 


[ 


6 


] 


HEIGHT 


ADJUST 




OSCILLATOR 




SCHEMATIC DIAGRAM 
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THERMAL DATA 



*th j-amb 



Thermal resistance junction-tab 
Thermal resistance junction-ambient 



max 
max 



12 °C/W 
70* °C/W 



* Obtained with tabs soldered to printed circuit with minimized area. 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits, V^ = 25V, Ta^^b^ 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 



DC CHARACTERISTICS 



-I9 Oscillator bias current 


V9 = IV 




0.2 


1 


mA 


la 


-llO Amplifier input bias 
current 


Vio=1V 




0.15 


1 


HA 


lb 


-I12 Ramp generator bias 
current 






0.05 


0.5 


mA 


la 


Vg Supply voltage 




10 






V 


- 


V4 Quiescent output voltage 


R2= 10kr2 

Vs=25V R1=30kI2 

Vs=10V R1 = 10ki^ 


8 
4 


8.8 
4.4 


9.6 
4.8 


V 
V 


la 


Vg, V7 Regulated voltage 




6 


6.5 


7 


V 


1b 


AVg AV7 

Line regulation 

AV3 AVs 


Vg- 10 to 27V 




1.5 




mV/V 



AC CHARACTERISTICS (f = 50 Hz) 



's 


Supply current 


Iy= 1A 




140 




mA 


2 


Iy 


Peak to peak yoke current 
(pin 4) 








1.6 


A 


V4 


Flyback voltage 


\y^ 1A 




51 




V 


Vg 


Peak sync, input voltage 
(positive or negative) 




1 






V 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


V9 Peak to peak oscillator 
sawtooth voltage 






2.4 




V 


2 


Rg Sync, input resistance 


V8=1V 




3.5 




kn 


tfiy Flyback time 


Iy=1A 




0.6 


0.8 


ms 


6f Pull-in range 
(below 50 Hz) 






7 




Hz 


Oscillator frequency drift 

5 with supply voltage 


Vs= 10 to 27V 




0.01 




Hz 
V 




Ttab=40to120°C 




0.015 




Hz 


tab vvjth tab temperature 



Fig. 1a - DC test circuit for measurement of 
-I9, -I12 and V4 



Fig. 1b - DC test circuit for measurement of 
-lio,V6,V7,AV6/AVsandAV7/AVs 



r 



9 TDA1170 ^ 



■k: 



8V 



Mr2 @ 
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Fig. 2 - AC test circuit 
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-0*Vs = 25V 




J000ajF/16V 



Fig. 3 - Relative quiescent 
voltage variation vs. supply 
voltage 
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Fig. 4 - Relative quiescent 
voltage variation vs. tab 
temperature 




Fig. 5 - Regulated voltage 
vs. supply voltage 
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Fig. 6 - Regulated voltage 
vs. tab temperature 
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Fig. 7 - Frequency variation 
of unsynchronized oscillator 
vs. supply voltage 
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Fig. 8 - Frequency variation 
of unsynchronized oscillator 
vs. tab tennperature 
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APPLICATION INFORMATION 

The thermistor in series to the yoke is not required because the current feedback enables the yoke 
current to be independent of yoke resistance variations due to thermal effects. The oscillator is directly 
synchonized by the sync, pulses (positive or negative), therefore its free frequency must be lower than 
the sync, frequency. The flyback generator applies a voltage, about twice the supply voltage, to the yoke. 
This produces short flyback time together with a high useful power to dissipated power ratio. 

The flyback time is: 



tfly = 



3 V. 



The supply current is: 



8 



where: 



4- 0.02 (Ay 



Ly — Yoke inductance 

Vg = Supply voltage 

ly = Peak to peak yoke current 



It does not depend on the value of Vg but only on yoke characteristics. The minimum value of Vg 
necessary for the required output current permits the maximum efficiency. 

The quiescent output voltage (pin 4) is fixed by the voltage feedback network R7, R8 and R9 (refer to 
fig. 2) according to: 



V. = Vi 



R7 4- R8 + R9 
R7 



Pin 10 is the inverting input of the amplifier and its voltage is Viq 



= 2V. 
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Fig. 9 - Typical application circuit for B & W 24" 110° TV sets 



0*Vs=22V 




^ 1000 ajF/16 V 



•Jf Tolerance 5% 



Typical performance (Vg = 22V; \y = 1 A; Ry= 10^; Ly= 20 mH) 



Supply current 

Flyback time 

Maximum scanning current (peak to peak) 

Operating supply voltage 

TDA 1170 power dissipation 



140 


mA 


0.75 


ms 


1.2 


A 


20 to 24 


V 


2.2 


W 



For safe working up to Tamb== 50°C a heatsink of Rt^^^ 40°C/W is required and each tab of TDA 1170 
must be soldered to 1 cm^ copper area of the printed circuit board. 
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Fig. 10 - Typical application circuit f or B & W small screen TV sets 



2000ajF/10V 




YOKE 


7.5 


A.7 
2.5 


mH 


RIO 


0.5 


0.33 


n 



•J5" Tolerance 5% 



Typical performance (Vs= 10.8V; Iy= 1A; Ry=4a; LY=7.5mH) 



tfly 

Iy 

Vs 

Ptnt 



Supply current 

Flyback time 

Maximum scanning current (peak to peak) 

Operating supply voltage 

TDA 1170 power dissipation 



150 


mA 


0.7 


ms 


1.15 


A 


10.8 


V 


1.3 


W 



For safe working up to Tamb= 50°C a heatsink of Rth= 30 °C/W is required and each tab of the 
TDA 1 170 must be soldereb to 1 cm^ copper area of the printed circuit board. 
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Fig. 11 - P.C. board and component layout for the circuit of fig. 9 and fig. 10(1:1 scale) 




O O O O 

*V^ GND YOKE YOKE SYNC. GND 



CS-0063/2 



C9 is not mounted on the P.C. board. 



MOUNTING INSTRUCTIONS 

The junction to ambient thermal resistance of the TDA 1 170 can be reduced by soldering the tabs to a 

suitable copper area of the printed circuit board (fig. 12) or to an external heatsink (fig. 13). 

The diagram of fig. 16 shows the maximum dissipable power P^ot ai^d the R^^ j-amb 9S a function of the 

side "s" of two equal square copper areas having a thickness of 35 m (1.4 mil). 

During soldering the tab temperature must not exceed 260 °C and the soldering time must not be longer 

than 12 seconds. 

The external heatsink or printed circuit copper area must be connected to electrical ground. 
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Fig. 12 - Example of P.C. board copper area 
used as heatsink 



Fig. 13- Example of TDA 1170 with ex- 
ternal heatsink 



rCOPPER AREA 35 ;j THICKNESS 




^c^ 




Fig. 14 - Maximum power 
dissipation and junction-am- 
bient thermal resistance vs. 
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Fig. 15 - Maximum allowable 
power dissipation vs. am- 
bient temperature 
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LINEAR INTEGRATED CIRCUIT 



LOW-NOISE TV VERTICAL DEFLECTION SYSTEM 

The IDA 1 170D is a monolithic integrated circuit in a 16-lead dual in-line plastic package. It is inten- 
ded for use in black and white and colour TV receivers. Low-noise meakes this device particularly 
suitable for use in monitors. The functions incorporated are: 

— synchronization circuit 

— oscillator and ramp generator 

— high power gain amplifier 

— flyback generator 

— voltage regulator 

ABSOLUTE MAXIMUM RATINGS 



Vs 




Supply voltage at pin 2 


35 


V 


V6, 


V7 


Flyback peak voltage 


60 


V 


V14 




Power amplifier input voltage 


1 + 10 
I -0.5 


V 








V 


'o 




Output peak current (non repetitive) at t = 2 msec 


2 


A 


'o 




Output peak current at f = 50 Hz t < 1 Msec 


2.5 


A 


'o 




Output prak current at f = 50 Hz t > 1 jUsec 


1.5 


A 


'3 




Pin 3 DC current at V6 < V2 


100 


mA 


'3 




Pin 3 peak to peak flyback current for f = 50 Hz, tf,y < 1 .5 msec 


1.8 


A 


•10 




Pin 10 current 


±20 


mA 


Ptot 




Power dissipation: at Ttab = 90°C 


4.3 


W 






atTa^b=70°C (free air) 


1 


W 


'stg' 


Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA1170D 
MECHANICAL DATA 



. Dimensions in mm 




1 . 6.^'^^^ , , 



QA. 



7.6 



U U U U'U U U'tJ 
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CONNECTION DIAGRAM 



RAMP OUTPUT 
SUPPLY VOLTAGE 
FLYBACK 



AMP OUTPUT 



AMP VOLTAGE 



REGULATED 
VOLTAGE 



1 


16 


[ ^ 


15 


[ 3 


U 


A 


13 


[ 5 


12 


1 6 


11 


' 7 


10 


8 


9 



COMPENSATION 
AMP INPUT 



OSCILLATOR 

SINC. INPUT 

HEGHT ADJUST 



BLOCK DIAGRAM 




-^ 



OSCILLATOR 
1 



VOLTAGE 
REGULATOR 



SYNC 

CIRCUIT 



A>-( 5 V- fy—h 3) — ( 9 > 



i_L. 



RAMP 
GENERATOR 



i>- 



FLYBACK 
GENERATOR 



BUFFER 
STAGE 



4- 



HEIGHT /IJ i^i 



■J—LINEARITYJ 



POWER 
AMPLIFIER 




PREAMPLIFIER 



-0*v, 



n 




T 



THERMAL DATA 



Rth j-tab Thermal resistance junction-pins 
f^th j-amb Thermal resistance junction-ambient 



max 14 C/W 
max 80 °C/W (o) 



(°) Obtained with pins 4, 5, 12, 13 soldered to printed circuit with mininnized copper area. 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuits, V^ 
othe'-wise specified) 



35V, T, 



25°C, unless 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 



DC CHARACTERISTICS 



I2 Pin 2 quiescent current 


13 = 




7 


14 


mA 


lb 


I7 Pin 7 quiescent current 


14 = 




8 


15 


mA 


lb 


-111 Oscillator bias current 


V11= IV 




0.1 


1 


mA 


la 


-I12 Amplifier input bias 
current 


V12= IV 




1 


7 


mA 


lb 


-1 1 6 Ramp generator bias 
current 


V16=0 




0.02 


0.3 


mA 


la 


- 1 1 6 Ramp generator current 


l7-20iuA V16=0 


19 


20 


24 


mA 


lb 


^'l6 Ramp generator 
1 , non-linearity 


AV16=0to 12V 
I9 =20mA 




0.2 


1 


% 


lb 


Vs Supply voltage range 




10 




35 


V 


- 


VI Pin 1 saturation voltage to 
ground 


ll = 1 mA 




1 


1.4 


V 


- 


V3 Pin 3 saturation voltage to 
ground 


I3 = 10 mA 




1.7 


2.6 


V 


1a 


V6 Quiescent output voltage 


Vs=10V R1=10Kn 
R2= 10 KH 


4.17 


4.4 


4.63 


V 


la 


Vs=35V R1-30Kn 
R2 = 10 KH 


8.35 


8.8 


9.25 


V 


1a 


V6L Output saturation voltage 
to ground 


-l6=0.1A 




0.9 


1.2 


V 


1c 


-l6=0.8A 




1.9 


2.3 


V 


1c 


V6H Output saturation voltage 
to supply 


l6=0.1A 




1.4 


2.1 


V 


1d 


l6=0.8A 




2.8 


3.2 


V 


Id 


V8 Regulated voltage at pin 6 




6.1 


6.5 


6.9 


V 


lb 


V9 Regulated voltage at pin 7 


l9==20juA 


6.2 


6.6 


7 


V 


lb 


^-^;-^— Regulated voltage drift 
AVg AVg with supply voltage 


AVs= 10 to 35V 




1 




mVA/ 


lb 


VI 4 Amplifier input reference 
voltage 




2.07 


22 


2.3 


V 


- 


RIO Pin 10 input resistance 


V10<0.4V 


1 






Mn 


la 
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Fig. 1 - DC test circuit 
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ELECTRICAL CHARACTERISTICS (Refer to the AC test circuit, Vs = 25V; f = 50 Hz; 
Tamb~ 25°C, unless otherwise specified) 



Test conditions 



Min. 



Typ. 



Max. Unit 



AC CHARACTERISTICS 



I5 Supply current 


ly = 1 App 




140 




mA 


\iQ Sync, input current 
(positive or negative) 




500 






mA 


V6 Flyback voltage 


ly = 1 App 




51 




V 


tfiy Flyback time 


ly = 1 App 




0.7 




ms 


Vqn ^^^^ ^° P6a'< output 
noise 


Bw= 20- 20.000 Hz 






50 


mV 


fQ Free running frequency 


(PI + R1) = 260 KH 
C2 = 0.1 mF 




52.4 




Hz 


(PI + R1) =300 Kn 
C2- 100 nF 




43.7 




Hz 


Af Synchronization range 


Ig = 0.5 mA 


14 






Hz 


Frequency drift with 

AVg supply voltage 


Vs= 10 to 35V 




0.005 




Hz/V 


Frequency drift vs. pins 

^Tpjns 4, 5, 12 and 13 temp. 


Ttab=40to 120°C 




0.01 




HzTC 



Fig. 2 -AC test circuit 



0'Vs = 25V 




1000>uF/l6V 
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Fig. 3 - P.C. board and components layout of the AC test circuit. 
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LINEAR INTEGRATED CIRCUIT 



LOW-NOISE TV VERTICAL DEFLECTION SYSTEM 

The TDA 1170N is a monolithic integrated circuit in a 12-lead quad in-line plastic package. It is inten- 
ded for use in black and white and colour TV receivers. Low-noise meakes this device particularly 
suitable for use in monitors. The functions incorporated are: 

— synchronization circuit 

— oscillator and ramp generator 

— high power gain amplifier 

— flyback generator 

— voltage regulator 



ABSOLUTE MAXIMUM RATINGS 



Vs 




Supply voltage at pin 2 


35 


V 


V4, 


V5 


Flyback peak voltage 


60 


V 


V10 




Power amplifier input voltage 


f + 10 
1-0.5 


V 








V 


'o 




Output peak current (non repetitive) at t = 2 msec 


2 


A 


'o 




Output peak current at f = 50 Hz t < 10 /isec 


2.5 


A 


'o 




Output peak current at f = 50 Hz t > 10 jiisec 


1.5 


A 


"3 




Pin 3 PC current at V4 < V2 


100 


mA 


'3 




Pin 3 peak to peak flyback current for f = 50 Hz, tfiy < 1 .5 msec 


1.8 


A 


U 




Pin 8 current 


±20 


mA 


Ptot 




Power dissipation: at Ttab = 90°C 


5 


W 






atTamb=80"C (free air) 


1 


W 


Tstg, 


Tj 


Storage and junction temperature 


-40 to 150 


°C 



MECHANICAL DATA 



Dimensions in mm 






- im : 








W"^ 


I 










/ 


HH 


\^ 


1 




u 

10.16 








' :^^.l. 


■ 
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TOA1170N 



CONNECTION AND BLOCK DIAGRAMS 



RAMP OUTPUT 


n 


1 


12 


D 


RAMP 
GENERATOR 


SUPPLY VOLTAGE [ 


2 


11 


] 


COMPENSATION 


FLYBACK 




Q 


3 


10 


D 


AMP. INPUT 

/ 


GROUND 














GROUND 


AMP. GUI 


PUT 


[ 


A 


9 


] 


OSCILLATOR 


AMR VOLTAGE 


a 


5 


8 


D 


SYNC, INPUT 


REGULAT 
VOLTAGE 


ED 


[ 


6 


7 


] 


HEIGHT 


ADJUST 




"i-QwlIt 



THERMAL DATA 



Rth j-tab Thermal resistance junction-tab 
Rth j-amb Thermal resistance junction-ambient 



max 
max 



12 
70 



X/W 
°C/W(°) 



(o) Obtained with tabs soldered to printed circuit with minimized copper area. 



476 



T0A117ON 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits, V3 = 35V, Tamb= 25°C, unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 



DC CHARACTERISTICS 



I2 Pin 2 quiescent current 


l3 = 




7 


14 


mA 


lb 


I5 Pin 5 quiescent current 


l4 = 




8 


15 


mA 


lb 


-I9 Oscillator bias current 


V9= IV 




0.1 


1 


juA 


la 


-llO Amplifier input bias 
current 


V10= IV 




1 


7 


liA 


lb 


-I22 Ramp generator bias 
current 


VI 2=0 




0.02 


0.3 


HA 


la 


-I12 Ramp generator current 


I7 = 20mA V12=0 


19 


20 


24 


mA 


lb 


^'12 Ramp generator 
1 2 non-linearity 


AV12=0to 12V 
I7 = 20mA 




0.2 


1 


% 


lb 


Vg Supply voltage range 




10 




35 


V 


- 


VI Pin 1 saturation voltage to 
ground 


ll = 1 mA 




1 


1.4 


V 


- 


V3 Pin 3 saturation voltage to 
ground 


I3 = 10 mA 




1.7 


2.6 


V 


la 


V4 Quiescent output voltage 


Vs=10V R1=10Kn 
R2= 10 KO 


4.17 


4.4 


4.63 


V 


la 


Vs=35V R1=30Kn 
R2= 10 Kn 


8.35 


8.8 


9.25 


V 


la 


V4L Output saturation voltage 
to ground 


-14= 0.1 A 




0.9 


1.2 


V 


1c 


-14= 0.8A 




1.9 


2.3 


V 


1c 


V4H Output saturation voltage 
to supply 


l4 = 0.1A 




1.4 


2.1 


V 


Id 


I4 = 0.8A 




2,8 


3.2 


V 


Id 


V6 Regulated voltage at pin 6 




6.1 


6.5 


6.9 


V 


lb 


V7 Regulated voltage at pin 7 


I7 = 20^lA 


6.2 


6.6 


7 


V 


lb 


-^y^;-^y2- Regulated voltage drift 
AVg AVg with supply voltage 


AVs= 10 to 35V 




1 




mVA/ 


lb 


VI Amplifier input reference 
voltage 




2.07 


22 


2.3 


V 


- 


R8 Pin 8 input resistance 


V8 < 0.4V 


1 






M12 


la 
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Fig. 1 - DC test circuits 
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IKA Vj-h 



^ 4- 



0-12 




^- 



Fig. la 
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Fig. 1b 
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2-5 
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A 




^ 
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i 


TABS 










"ir^v 




j^ 


p 




^ 


, 








■ 


L 


S- 6302 






Fig. 1c 



Fig. Id 
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ELECTRICAL CHARACTERISTICS (Refer to the AC test circuit, Vg = 25V; f- 50 Hz; 
Tamb~ 25°C, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



AC CHARACTERISTICS 



Is Supply current 


ly = 1 App 




140 




mA 


Is Sync, input current 
(positive or negative) 




500 






mA 


V4 Flyback voltage 


iy= 1 App 




51 




V 


tfiy Flyback time 


ly - 1 App 




0.7 




ms 


Vq^j Peak to peak output 
noise 


Bw = 20 ^ 20.000 Hz 






50 


mV 


fo Free running frequency 


{PI + R1) =300Kn 
C2 = 0.1 mF 




52.4 




Hz 


(PI + R1) =360Kn 
C2= 100 nF 




43.7 




Hz 


Af Synchronization range 


Ig = 0.5 mA 


14 






Hz 


Frequency drift with 

AVj supply voltage 


Vs = 10 to 35V 




0.005 




Hz/V 


1 1 Frequency drift with tab 

^Ttab temperature 


Ttab=40to 120°C 




0.01 




Hz/'C 



Fig. 2 -AC test circuit 



O.I^F 



Dl !flNA001 






K)0/uF 25V 



0*Vs = 25V 



^ TDA1170N 



6 7 12 





,1000ajF/16V 



R2 R3 

82 kn 270 __ 

kn X^O.IajF 

RIO 



m 
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Fig. 3 - PC board and component layout of the AC test circuit (1 :1 scale) 
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In] fnnn^ VT 
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LINEAR INTEGRATED CIRCUIT 



TV VERTICAL DEFLECTION SYSTEM 

The TDA 1 170S is a monolithic integrated circuit in a 12-lead quad in-line plastic package. It is inten- 
ded for use in black and white and colour TV receivers. 
The functions incorporated are: 

• synchronization circuit 

• oscillator and ramp generator 

• high power gain amplifier 

• flyback generator 

• voltage regulator 

ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage at pin 2 


35 


V 


V4,V5 


Flyback peak voltage 


60 


V 


Vio 


Power amplifier input voltage 


+ 10 


V 






-0.5 


V 


'o 


Output peak current (non repetitive) at t = 2 msec 


2 


A 


•o 


Output peak current at f = 50 Hz t < 10 jusec 


2.5 


A 


'o 


Output peak current at f = 50 Hz t > 10 Msec 


1.5 


A 


I3 


Pin 3 DC current at V4 < M 2 


100 


mA 


I3 


Pin 3 peak to peak flyback current for f = 50 Hz, tfiy < 1 .5 msec 


1.8 


A 


u 


Pin 8 current 


±20 


mA 


Ptot 


Power dissipation: at Ttab ^ 90°C| 

atT3^b=80°Cj '^A1170S 


5 
1 


W 
W 


Tstg^Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA1170S 
TDA 1170SH 

MECHANICAL DATA 



Dimensions in mm 




"W^ 



5°^ 



m 





TDA1170S 



TDA 1170 SH 
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CONNECTION AND BLOCK DIAGRAMS 



RAMP OUTPUT [J 
SUPPLY VOLTAGE 



AMR VOLTAGE 



n 



n 



D 



COMPENSATION 



D 



] OSCILLATOR 

j~l SYNC. INPUT 
] HEIGHT ADJUST 




SCHEMATIC DIAGRAM 
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THERMAL DATA 


TDA1170S 


TDA1170SH 


Rth j-tab Thermal resistance junction-tab 
Rth j-amb Thermal resistance junction-ambient 


max 12°C/W 
max70°C/W(°) 


max 10°C/W 
max 80°C/W 



(o) Obtained with tabs soldered to printed circuit with mininnized copper area. 



ELECTRICAL CHARACTERISTICS (Refer to the test 
otherwise specified) 



circuits, y.= 35V, Tamb= 25°C, unless 



Paranneter 


Test conditions 1 Min. 


Typ. 


Max. 


Unit 


Fig. 



DC CHARACTERISTICS 



I2 Pin 2 quiescent current 


13= 




7 


14 


mA 


lb 


I5 Pin 5 quiescent current 


14 = 




8 


15 


mA 


lb 


-I9 Oscillator bias current 


V9- IV 




0.1 


1 


juA 


la 


-I20 Amplifier input bias current 


Vio^lV 




0.1 


1 


mA 


lb 


-1 3^2 Ramp generator bias current 


Vi2=0 




0.02 


0.3 • 


mA 


la 


-I12 Ramp generator current 


l7 = 20iuA Vi2=0 


19 


20 


24 


HA 


lb 


12 Ramp generator non-linearity 
'12 


AVi2^0to 12V 
I7 = 20mA 




0.2 


1 


% 


lb 


Vg Supply voltage range 




10 




36 


V 


- 


Vj Pin 1 saturation voltage to 
ground 


ll = 1 mA 




1 


1.4 


V 


- 


V3 Pin 3 saturation voltage to 
ground 


13= 10mA 




1.7 


2.6 


V 


la 


V4 Quiescent output voltage 


Vs=10V Ri=10Kn 
R2=10 K12 


4.17 


4.4 


4.63 


V 


la 


Vs=35V Ri-30Kn 
R2= 10 Ka 


8.35 


8.8 


9.25 


V 


la 


V4|_ Output saturation voltage to 
ground 


-14 = 0.1 A 




0.9 


1.2 


V 


1c 


-l4 = 0.8A 




1.9 


2.3 


V 


1c 


V4|_| Output saturation voltage to 
supply 


14 = 0.1 A 




1.4 


2.1 


V 


Id 


l4 = 0.8A 




2.8 


3.2 


V 


Id 


Ve Regulated voltage at pin 6 




6.1 


6.5 


6.9 


V 


lb 


V7 Regulated voltage at pin 7 


I7 = 20mA 


6.2 


6.6 


7 


V 


lb 


6. 7 RpgulatPH vnltagp drift with 
AVg ' AVg supply voltage 


AVs= 10 to 35V 




1 




mV/V 


lb 


Vio Amplifier input reference 
voltage 




2.07 


2.2 


2.3 


V 


- 


Rg Pin 8 input resistance 


Vg < 0.4V 


1 






Mn 


la 
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Fig. 1 - DC test circuits 
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AC CHARACTERISTICS (Refer to the test circuit, Vs= 25V; f = 50 Hz; Tarnb= 25°C, unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


Is Supply current 


ly = 1 App 




140 




mA 


2 


Ig Sync, input current 
(positive or negative) 




500 






mA 


2 


\/4 Flyback voltage 


ly = 1 App 




51 




V 


2 


V9 Peak to peak oscillator 
sawtooth voltage 






2.4 




V 


2 


tfiy Flyback time 


ly = 1 App 




0.7 




ms 


2 


fo Free running frequency 


(Pi +Ri) =300Kr2 
C2= lOOnF 




44 




Hz 


2 


(Pi +Ri) =260 Kn 
0,2 = 100 nF 




52 




Hz 


2 


Af Synchronization range 


Ig -0.5 mA 


14 






Hz 


2 


— "r--- Frequency drift with supply 
^^s voltage 


Vs= 10 to 35V 




0.005 




Hz/V 


2 


— - — Frequency drift with tab 
^ ' tab tennperature 


Ttab=40to 120°C 




0.01 




Hz/°C 


2 



Fig. 2 -AC test circuit 



^I 



-0*Vs 




, 1000 xiF/16 V 
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TDA1170S 



Fig. 3 - Typical application circuit for small screen B/W TV set (Ry = 2.9^, Ly= 6 mH; ly= 1.1 App) 



CI 5 

0.1/jF 



n^ 



SYNC. 
INPUT 



O^ijF 



^-Ih 



-0*Vs = 10.8 V 



■X" Tolerance 5*/« 
** " " 2*/. 




,2000ajF/16V 



Typical performance 



•-fly 



Operating supply voltage 

Supply current 

Flyback time 

TDA 11 70S power dissipation 

Maximum scanning current (peak to peak) 



IU.8 


V 


155 


mA 


0.5 


ms 


1.35 


W 


1.30 


A 



For safe working up to Tamb~ 60°C a heatsink of Rth~ 30°C/W is required. 
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Fig. 4 - Typical application circuit for small screen 90° PIL TVC set (Ry= 12.5i2; Ly= 31 mH; ly= 0.8 
App) 



CI I 



D1 V1N4001 



iooajfITsv 



0.1 ajF 
SYNC.p^.^ 

INPUT '^-'^ IfciT 

R13 



E" 



-O.Vs=22V 



C9j^A70/uF 
— "ZSV 






PI /[) 

lOOkn 1 R 1 

Hold 



8 IDA 1170 S 



6 7 12 

"T \ r* 



[i220kn 
C12ai: 1.5nF 



R5** 
^7kn 



P3 ["I \ 
Z.7k4| 



■C2 
O.IBajF 



R2 1 1 n^3 * 



330 -j-CS 



I Vkn T'o.i/jF 



■X* Tolerance 5'/» 



■ C8 R9*« 

33 pF I l27kn 



R8*« 

27k n 



, 1000 ajF/i6 V 



C6 
22^F/16V 



N, YOKE 

^ 12.5 n 

': 31 mH 



i "V^ i CA^M R6f ^ I |R7** 



h- 



Typical performance 



Vs Operating supply voltage 

Is Supply current 

tfiy Flyback time 

Ptot TDA 1 170S power dissipation 

ly Maximum scanning current (peak to peak) 



22 


V 


120 


mA 


0.8 


ms 


1.95 


W 


1.0 


A 



For safe working up to Tamb= 60°C a heatsink of Rth== 18°C/W is required. 
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Fig. 5 - Typical application circuit for large screen B/W TV set (Ry= lOn; Ly= 20 nnH; ly= 1 App) 



CI - 
0.1/uF 



D1 IMNAOOI 



C3^ 

IOO/jF 2 5V 



0.1 /uF 



T^Hh 



INPUT '■^ IICiT 

A.7kn| |R13 



nMRi 



c^ 



-0*Vs=22V 



A70/UF 

25V 



TDA1170S 



6 7 12 



I PI • 
ilOOkni R1 



pj Wiookn 



T"' R,,^ aLcio 



220kn 



^ 



C12 25 1.5nF 



R5** 

U7kn 



± 



i 



C2 
0.15 ajF 



R2 j ! R3 

180kn| I 330 



"X* Tolerance 5*/o 



C8 j R9»* 
33pF Lj2.7kn 



RJ 
27k 



!7kn 



122/JF/16V 



^LmeantyT 

^mL Ren I ,... 



CAaLi R6 i R7* 

„, "T" 39kn 

V Vrn "To.i/jf 



, 1000 xiF/16 V 



YOKE 

ion 

20mH 



Typical performance 



Lfly 



Operating supply voltage 

Supply current 

Flyback time 

TDA 1 170S power dissipation 

Maximum scanning current (peak to peak) 



For safe working up to Tamb"^ 60°C a heatsink of Rtn- 14°C/W is required. 



22 


V 


145 


mA 


0.7 


ms 


2.3 


W 


1.2 


A 
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Fig. 6 - Typical application circuit for large screen 110° PIL TVC set (Ry= lOn; Ly= 25 mH; ly= 1.25 
App) 



CI ■ 



C3^ 
100 ^F 



D1 ▼ ' 



R12 t— 

J. 180 fl 



SYNC, 
INPUT 



0.1 yuF 



cHt 




hD.vs:;sv 



^ TDA1170SH 



Heigh- 

R2 I I I |R3» 

■r2 270kn| I I 1680 

0.15/jF 



•){• Tolerance 5*/» 
♦ ♦ .. .. 2*/. 




, 1000 AJF/25V 



Typical performance 



Vs Operating supply voltage 

Is Supply current 

tfiy Flyback time 

Ptot TDA 1 170SH power dissipation 

ly Maxinnum scanning current (peak to peak) 



25 


V 


175 


mA 


1 


ms 


3.25 


W 


1.4 


A 



For safe working up to Tamb= 60°C a heatsink of Rth= 8.5°C/W is required. 
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Fig. 7 - P.C. board and component layout of the circuit of fig. 6(1:1 scale) 




Note: For the heatsink (1170 S and 1170SH) see mounting instructions 



MOUNTING INSTRUCTIONS 

During soldering the tab tennperature must not exceed 260°C and the soldering time must not be longer 

than 12 seconds. 

The external heatsink or printed circuit copper area must be connected to electrical ground, 

TDA1170S 

The junction to ambient thermal resistance of the TDA 1 170S can be reduced by soldering the tabs to a 
suitable copper area of the printed circuit board (fig. 8) or to an external heatsink (fig. 9). 
The diagram of fig. 10 shows the maximum dissipable power Ptot and the Rth j-amb as a function of the 
side "s" of two equal square copper areas having a thickness of 35 ju (1.4 mil). 
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MOUNTING INSTRUCTIONS (continued) 



Fig. 8 - Example of P.C. board copper area used as Fig. 9 - Example of TDA 1170 S with external | 

heatsink. heatsink. j 

/COPPER AREA 35 ;j THICKNESS ^T"*-^^ f 

HEATSINK t 

^■Rth = 30°C/W I 



r^l 




Fig. 10 - Maximum Power 
dissipation and junctional- 
ambient thermal resistance 
vs. "S" 
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Fig. 1 1 - Maxim, allowable 
power dissipation vs. am- 
bient temp. (TDA1170S) 
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Fig. 12 - Maxim, allowable 
power dissipation vs. am- 
bient temp. {TDA1170SH) 
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TDA1170SH 

The power dissipated in the circuit may be removed by connecting the tabs to an external heatsink ac- 
cording to fig. 12. The desired thermal resistance may be obtained by fixing the TDA1170SH to a 
suitable dimensioned plate as shown in fig. 13. 
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MOUNTING INSTRUCTIONS (continued) 
Fig. 13 - Mounting example. 
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LINEAR INTEGRATED CIRCUIT 



mmmw 



TV HORIZONTAL PROCESSOR 

The TDA 1180P is a horizontal processor circuit for b.w. and colour television receiver, it is a mono- 
lithic integrated circuit encapsulated in 16-lead dual in-line plastic package. The TDA 1 1 SOP combines 
the following functions: 

— Noise gated horizontal sync separator. 

— Noise gated vertical sync separator. 

— Horizontal oscillator with frequency range limiter. 

— Phase comparator between sync pulses and oscillator pulses (PLL). 

— Phase comparator between flyback pulses and oscillator pulses (PLL). 

— Loop gain and time constant switching (VCR). 

— Composite blanking and key pulse generator. 

— Protection circuits. 

— Output stages with high current capability. 

ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage (pin 1) 


15 


V 


V2 


Voltage at pin 2 


18 


V 


V4 


Voltage at pin 4 


Vs 




Vs 


Voltage at pin 8 


Vs 
I -6 


V 


V9 


Voltage at pin 9 


1+6 
1-6 


V 


Vii 


Voltage at pin 1 1 


Vs 




I2 


Pin 2 peak current 


1 


A 


I3 


Pin 3 peak current 


0.5 


A 


Ig 


Pin 6 current 


30 


mA 


I7 


Pin 7 current 


20 


mA 


lio 


Pin 10 current 


30 


mA 


Ptot 


Total power dissipation at Tamt? "^ 70°C 


1 


W 


Tag.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA1180P 
MECHANICAL DATA 



Dimensions in mm 




6.A^ 







?\ 






0.A, 




1 
7.6 , 





19.48' 




n n n n n 



OJ'U u u u u 



493 



6/82 



TOA1180P 



CONNECTION DIAGRAM 

(top view) 
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TEST CIRCUIT 



5ANDCA5TLE 



VERT. SYNC I 1 11 FLYBACK 

OUTPUT -J I- -J l_ J L_INPUT(100 




yiDEO SIGNAL 
INPUT 



-<3 



•kn FREQUENCY 



THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



80 



°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the. test circuit, Vs= 12V,Tamb= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




10 


12 


13.2 


V 


ig Supply current 


l3=0 




40 


52 


mA 


Vg Supply voltage at which the output 
pulses (at p1n2and3)are switched off 








4 


V 


HORIZONTAL SYNC. SEPARATOR AND NOISE GATE 


Vj Peak to peak input signal 




1 


3 


6 


V 


Vg Input switching voltage 


I8 = 80mA 




1.5 




V 


\q Input switching current 


Vg = 1 .4V 




10 




mA 


Ig Input blocking current for noise 
suppression 






0.9 




mA 


Vg Input switching voltage for noise 
suppression 






2.1 




V 


Ig Leakage current 


Vg = -5V 






1 


mA 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


VERTICAL SYNC. SEPARATOR 


V] Peak to peak input signal 




1 


3 


6 


V 


Vg Input switching voltage 


I9 = 80mA 




1.5 




V 


I9 Input switching current 


V9= 1.4V 




5 




mA 


I9 Leakage current 


V9 = -5V 






1 


mA 


Vio Vertical sync, pulse output voltage 


No load at pin 10 


11 






V 


RlO Output resistance 






10 




Kn 


t|_v Delay between leading edge of input 
and output signals 






17 




lis 


tjv Delay between trailing edae 
of input and output signals 






50 




MS 


tv Vertical sync pulse duration 






190 




. MS 


PROTECTION CIRCUIT 


V4 Input voltage for switching off the 
output pulses 


Output pulses OFF 






0.5 


V 


Output pulses ON 


1 






R4 Input resistance 






200 




K12 


I4 Input current 




5 






mA 


FLYBACK PULSE 


V5 input threshold voltage of blanking 
■ generator 




. 


1.5 




V 


Vq Input threshold voltage of phase 
connparator 






7.6 




V 


Is Input switching current 


V6>1.7V 




0.23 




mA 


OUTPUT PULSE 


V3 Peak to peak output voltage 


I3 = 150 mApp 




10 




V 


I3 Output current 


V3 = 5V 




500 




mA 


R3 Output resistance 


at leading edge of output pulse 




3 




n • 


at trailing edge of output pulse 




20 




tp Output pulse duration 




20 


22 


26 


MS 


COMPOSITE BLANKING AND KEY PULSE 


Vyj^ Key pulse output peak voltage 




9 


11 




V 


V7B Blanking pulse output voltage 




4.2 


4.5 


4.8 


V 


R7 Output resistance 






100 




a 


tsK Phase relation between trailing 
edge of key pulse and middle of 
sync Input pulse 






2.7 




MS 


tK Key pulse duration 




3.5 


3.8 




MS 


tfb Delay between flyback pulse and 
blanking pulse 


V6 = 1.7 V 






0.2 


MS 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. Unit 


INTERNAL GATING PULSE 


tg Gating pulse duration 






7.5 




MS 


t Phase relation between middle of 
sync pulse and trailing and leading 
edge of gating pulse 






3.75 




MS 


COINCIDENCE DETECTOR 


Vli Output voltage 


with coincidence 




6.8 




V 


without coincidence 






4 


111 Peak output current 






0.5 




mA 


VCR SWITCH 


Vii Input voltage 




to 4 or 8.5 to 12 


V 


-111 Output current 




35 






mA 


111 Output current 




0.4 






mA 


TIME CONSTANT SWITCH 


Vi2 Output voltage 






3 




V 


Rl2 Output resistance 


4.5V < Vii <8V 

Vii >8.5VorVii <4V 




100 
40 






OSCILLATOR 


Vi4 Low level threshold voltage 






5.4 




V 


Vi4 High level threshold voltage 






8.2 




V 


114 Charge current 






0.6 




mA 


Il4 Discharge current 






0.3 




mA 


Vi5 Current source supply voltage 






3 




V 


Il5 Current source supply current 






0.3 




mA 


fo Free running frequency 






15625 




Hz 


^° Adjustment range 
fo 






± 10 




% 


— r^ Frequency control sensitivity 






52 




Hz 

mA 


Afo Frequency change when Vg drops 
to4V 




1 




± 10 


% 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


OSCILLATOR-FLYBACK PULSE PHASE COMPARATOR 


V5 Control voltage range 




9.4 to 8.2 


V 


I5 Peak control current 








± 0.5 


mA 


I5 Input current (blocked phase 
detector) 








5 


HA 


td Permissible delay between output 

pulse leading edge and flyback pulse 
leading edge 






tp-tf 




jUS 


— Static control error 

Atd 








0.2 


% 


SYNC PULSE-OSCILLATOR PHASE COMPARATOR 


Vi3 Control voltage range 




4.6 to 1 .4 


V 


I23 Control peak current 






±2 




mA 


— — Phase lock loop gain 






2 




KHz 
MS 


f Catching and holding range 






±700 




Hz 


OVERALL PHASE RELATIONSHIP 


to Phase relation between middle of 
flyback pulse and middle of sync 
pulse 






2.6 




JUS 


AV5 






65 




mV 

JUS 


A to 


AI5 
— — Adjustment sensitivity 

Ato 






10 




juA 

JUS 
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f^ig. 1 - Vertical sync, output pulse 
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Fig. 2 - Relationship of main waveform phases 
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Fig. 3 - Free running fre- 
quency vs. supply voltage 
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Fig. 4 - Overall phase rela- 
tion vs. supply voltage 
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Fig. 5 - Loop gain 
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APPLICATION INFORMATION 

Pin 1 — Positive supply 

The operating supply voltage of the device ranges from 10V to 13.2V. 



Pin 2 and 3 - Output 

The outputs of TDA 1 180P are suitable for driving transistor output stages, they deliver positive pulse at 

pin 3 and negative pulse at pin 2. 

The negative pulse is used for direct driving of the output stage, while positive pulse is useful when a 

driver stage is required. 

The rise and fall times of the output pulses are about 150 ns so that interference due to radiation are 

avoided. 

Furthermore the output stages are internally protected against short circuit. 

Pin 4 — Protection circuit input 

By connecting pin 4 of the IC to earth the output pulses at pin 2 and 3 are shut off; this function has 

been introduced to protect the final stages from overloads. 

The same pulses are also shut off when the supply voltage falls below 4V. 

Pin 5 — Phase shifter filter 

To compensate for the delay introduced by the line final stages, the flyback pulses to pin 6 and the oscil- 
lator waveform are compared in the oscillator-flyback pulse phase comparator. 

The result of the comparison is a control current which, after it has been filtered by the external capa- 
citor connected to pin 5, is sent to a phase shifter which adequately regulates the phase of the output 
pulses. 
The maximum phase shift allowed is: 



where tf is the flyback pulse duration. 

Pin 5 has high input and output resistance (current generator). 
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APPLICATION INFORMATION (continued) 

Pin 6 — Flyback input 

The flyback pulse drives the high impedance input through a resistor in order to limit the input current 

to suitable maximum values. 

The flyback input pulses are processed by a double threshold circuit; this generates the blanking pulses 

by sensing low level flyback voltage and the pulses to drive the phase comparator by sensing high level 

flyback voltage, therefore phase jitter caused by ringing normally associated with the flyback pulse, is 

avoided. 

Pin 7 — Key and blanking pulse output 

The key pulse for taking out the burst from the chrominance signal is generated from the oscillator 

ramp and has therefore a fixed phase position with respect to the sync. 

The key pulse is then added internally to the blanking pulse obtained by correctly forming the flyback 

pulse present at pin 6. 

The sum of the two signals (sandcastle pulse) is available on low impedance at output pin 7. 

Pin 8 and 9 — Sync separators inputs 

The video signal is applied by means of two distinct biasing networks to pins 8 and 9 of the IC and 
therefore to the respective vertical and horizontal sync separators. 

The latter take the sync pulses out of the video signal and make them available to the rest of the circuit 
for further processing. 

An amplitude detector also connected to pin 8, blocks operation of the sync separators when inter- 
ference or noise peaks exceed a certain preset value. 

Pin 10 ~ Vertical sync output 

The vertical sync pulse, obtained by internal integration of the synchronizing signal, is available at this 

pin. 

The output impedance is typically 10Kn and the lowest amplitude without load is 11V. 



Pin 11 —Coincidence detector 

From the oscillator waveform a gate pulse 7 ms wide is taken whose phase position is centered on the 

horizontal syncronism. 

The gate pulse not only controls a logic block which permits the sync to reach the oscillator-sync phase 

comparator only for as long as its duration, but also allows the latching and de-latching conditions of 

the oscillator to be established. 

This function is obtained by a coincidence detector which compares the phase of the gate pulses with 

that of the sync. 

When the two signals are not accurately aligned in time it means that the oscillator is not synchronized. 

In this case the detector acts on the logic block to eliminate its filtering effect and on the time constant 

switching block to establish a high impedance on pin 12 (small time constant of low-pass filter). 

This latter block also acts on the oscillator-sync phase detector to increase its sensitivity and with it the 

loop gain of the synchronizing system. 

In this conditions the phase lock has low noise immunity (wide equivalent noise bandwidth) and rapid 

pull-in time which allows fairly short synchronization times. 
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APPLICATION INFORMATION (continued) 

Once locking has taken place the coincidence detector enables the logic block, causes a low innpedance 

on pin 12 and reduces the sensitivity of the phase comparator. 

In these conditions the phase lock has high noise immunity (narrow equivalent noise bandwidth) due to 

the complete elimination of interference which occurs during the scanning period and the greater inertia 

with which the oscillator can change its frequency. 

To optimize the behaviour of the IC if a video recorder is used, the state of the detector can be forced 

by connecting pin 1 1 to earth or to +Vs. The characteristics of the phase lock thus correspond to the 

lack of synchronization. 

Pin 12 — Time constant switch, (see pin 1 1) 

Pin 13 — Control current output 

The oscillator is synchronized by comparing the phase of its waveform with that of the sync pulses in 
the oscillator-sync phase comparator and sending its output current 1 13 (proportional to the phase dif- 
ference between the two signals) to pin 15 of the oscillator after it has been filtered properly with an 
external low-pass circuit. 

The time constant of the filter can be switched between two values according to the impedance pres- 
ented by pin 12. 

The voltage limiter at the output of the phase comparator limits the voltage excursion on pin 13 and 
therefore the frequency range in which the oscillator remains held-in. 
The output resistance of pin 13 is : 

low when V13 > 4.3V or V 13 < 1.6V 
high when 1.6V < V13 < 4.3V 

To prevent the vertical sync from reaching the oscillator-sync phase comparator along with the hori- 
zontal sync, a signal which inhibits the phase detector during the vertical interval is taken from the 
vertical output stage; inhibition remains even if the video signal is not present. 

The free running frequency of the oscillator is determined by the values of the capacitor and of the 
resistor connected to pins 14 and 15 respectively. 

To generate the line frequency output pulses, two thresholds are fixed along the fall ramp of the trian- 
gular waveform of the oscillator. 

Pin 14 - Oscillator (see pin 13) 

Pin 15 — Oscillator control current input (see pin 13) 

Pin 16- Ground 



503 



TDA1180P 



Fig. 6 - Application circuit for large screen b.w. and colour TV 
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Fig. 7 - P.C. board and component layout for the circuit in fig. 6(1:1 scale) 
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Fig. 8 - Application circuit for small screen b.w. TV. 
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Fig, 9 ^ Application circuit for Darlington output stage 
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LINEAR INTEGRATED CIRCUIT 



COMPLETE TV SOUND CHANNEL 

The TDA 1 190Z is a monolithic integrated circuit in a 12-lead quad in-line plastic package. It performs 
all the functions needed for the TV sound channel: 

— IF limiter-amplifier 

— Active low-pass filter 

— FM detector 

— DC volume control 

— AF preamplifier 

— AF output stage 

The TDA 1 190Z can give an output power of 4.2W (d == 10% ) Into a ^6n load at Vj = 24V, or 1.5W 
(d = 10% ) into an Sfi load at Vg ~ 12V. This performance, together with the FM-IF section charac- 
teristics of high sensitivity, high AM rejection and low distortion, enables the device to be used in 
almost every type of television receivers. 
The device has no irradiation problems, hence no external screening is needed. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage (pin 10) 


28 


V 


Vi 


Input signal voltage (pin 1) 


1 


V 


lo 


Output peak current (non-repetitive) 


2 


A 


lo 


Output peak current (repetitive) 


1.5 


A 


Ptot 


Power dissipation: at Ttab =90°C 


5 


W 




atTamb =80° (free air) 


1 


w 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


X 



ORDERING NUMBER: TDA 1 190Z 



MECHANICAL DATA 



Dimensions In mm 
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CONNECTION AND BLOCK DIAGRAM 

(top view) 
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TEST CIRCUIT 



INPUT 

o \l 



m^ X~r °'= 

"r ^100^F/35V 




Vs 


12 


2A 


V 


Rl 


8 


16 


n. 


Rf 


82 


A7 


R 


CIO 


220 


120 


pF 


C12 


1000 


470 


PF 



!tRC = 75ius 



. T.R 
■^(FM DISCRIMINATOR) 



THERMAL DATA 



■^thj-tab 



Thermal resistance junction-tab 
Thermal resistance junction-ambient 



max. 
max. 



12 
70* 



°C/W 

°c/w 



Obtained with tabs soldered to printed circuit with minimized copper area. 



ELECTRICAL CHARACTERISTICS 

(Refer to the test circuit, Vj = 24V, Tamb = 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage (pin 10) 




9, 




28 


V 


Vo 


Quiescent output voltage 
(pin 9) 


Vg = 24V 
Vs = 1 2V 


11 
5.1 


12 
6 


13 
6.9 


V 
V 


'd 


Quiescent drain current 


Pi = 22 Kn 
Vs = 24V 
Vg = 12V 


11 


22 
19 


45 
40 


nnA ' 
mA 


Po 


Output power 


d =10% fm = 400Hz 
fo =4.5 MHz Af =±25 kHz 
Vs = 24V RL=16n 
Vs = 12V RL=8n 




4.2 
1.5 




W 
W 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Po Output power 


d =2% fm = 400Hz 
fo =4.5 MHz Af = ±25 kHz 
Vs = 24V Rl= 16n 
Vs = 12V Rl^SH 




3.5 
1.4 




W 
W 


V, Input limiting voltage 
(-3 dB) at pin 1 


fo =4.5 MHz Af = ± 7.5kHz 

fm = 400 Hz 

Pl=0 




40 


100 


mV 


d Distortion 


Po = 50 mW f m = 400 Hz 
fo =4.5 MHz Af = ± 7.5kHz 
Vs = 24V Rl= 16n 
Vs = 12V Rl=8I2 




0.75 
1 




% 
% 


B Frequency response of 
audio amplifier (-3 dB) 


Rl= 16n Cio=120pF 
Ci2 = 470pF Pi = 22 kn 
Rf = 82n 
Rf =47n 


7 
7 


Oto 12 00 
Oto 7 00 






Hz 
Hz 


Vo Recovered audio voltage 
(PIN. 12) 


V, > 1 mV fo =4.5 MHz 
fm = 400Hz Af =± 7.5kHz 
Pl=0 




120 




mV 


AMR Amplitude modulation 
rejection 


V, > 1 mV fo =4.5 MHz 
fm = 400Hz Af =±25 kHz 
m = 0.3 




55 




dB 


S + |\| 

Signal to noise ratio 

N 


V, > 1 mV Vo=4 V 
fo =4.5 MHz fm = 400Hz 
Af = ±25 kHz 


50 


65 




dB 


Rf External feedback 
resistance 
(between pins 7 and 9) 








25 


kn 


Rj Input resistance (pin 1) 


Vj = 1 mV 
fo =4.5 MHz 




30 




kn 


Cj Input capacitance (pin 1) 




5 




pF 


SVR Supply voltage rejection 


Rl= 16f2 
f,ipp,e=120Hz 
Pi = 22 k« 




46 




dB 


A DC volume control 
attenuation 


Pi = 12 k^ 




90 




dB 
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Fig. 1 - Relative alidio out- 
put voltage and output noise 
vs. input signal 
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Fig. 2 - Output voltage at- 
tenuation vs. DC volume 
control resistance 
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Fig. 3 - Amplitude modulat- 
ion rejection vs. input signal 
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Fig. 4 - AAMR vs. tuning 
frequency change 
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Fig. 5 - Recovered audio vol- 
tage vs. unloaded Q factor 
of the detector coil 
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Fig.6- 
power 



Distortion vs. output 
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Fig. 7 - Distortion vs. fre- 
quency deviation 
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Fig. 8 - Distortion vs. tuning 
frequency change 
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Fig. 9 - Audio amplifier fre- 
quency response 
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Fig. 10 - Supply voltage rip- 
ple rejection vs. ripple fre- 
quency 




Fig. 11 - Supply voltage rip- 
ple rejection vs. volume con- 
trol attenuation 
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Fig. 12 - Output power vs. 
supply voltage 
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Fig. 13 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 



tot 












\ \ 


1 1 








(W) 












t ' 


1 ! 








^ 












i j 


























1 ' 














2.5 


- 


V| =1mV 
















d =107. 


j/RL=8il| /1Rl=16X 








— :fm=400Hz 
|i, =t25kHz 
'" |0o=60 


r ' / ' 






/ i ' / 1 






/ ' ""VT"!""" 






I.J 


_„ 


; , y; / 










-y/^ 


— • -— 


0.5 


■— 


^;/ 


r ' " "'^" ' 


/,^ 




"^ , 1 




1 i : 

















Fig. 14 - Power dissipation 
and efficiency vs. output 
power 
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Fig. 15 - Quiescent output 
voltage (pin 9) vs. supply 
voltage 
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APPLICATION INFORMATION 

The electrical characteristics of the TDA 1 190Z remain almost constant over the frequency range of 4.5 

to 6 MHz, therefore it can be used in all television standard (FM mod.). The TDA 1190Z has a high input 

impedance, so it can function with a ceramic filter or with a tuned circuit that provide the necessary 

input selectivity. 

The value of the resistors connected to pin 7, determine the AC gain of the audio frequency amplifier. 

This enables the desired gain to be selected in relation to the frequency deviation at which the output 

stage of the AF amplifier must enter into clipping. 

The capacitor connected between pins 9 and 8 determines the upper cut-off frequency of the audio 

band. If larger bandwidth is required Cio, C12 niust be reduced keeping C12/C10 as in Fig. 16. 

The capacitor connected between pin 12 and ground, toghether with the internal resistor of 10 Ka, 

forms the de-emphasis network. The Boucherot cell eliminates the high frequency oscillations caused 

by inductive load and the wires connecting the loudspeaker. 
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APPLICATION INFORMATION (continued) 
Fig. 16 - Typical application circuit 
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Fig. 17 - P.C. board and component layout of the circuit shown in Fig. 16 
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MOUNTING INSTRUCTION 

The Rthj-amb of the TDA 1190Z can be reduced by soldering the tabs to a suitable copper area of the 

printed circuit board (Fig. 18) or to an external heatsink (Fig. 19). 

The diagram of figure 20 shows the maxinrium dissipable power Ptot and the Rthj-amb as a function 

of the side "C" of two equal square copper areas having a thickness of SBju (1.4 mils). 

During soldering the tab temperature must not exceed 260°C and the soldering time must not be longer 

than 12 seconds. 

The external heatsink or printed circuit copper area must be connected to electrical ground. 



Fig. 18 - Example of P.C. board copper area which is used 
as heatinsk 

COPPER AREA 35;j THICKNESS 




Fig. 19 - External heatsink mounting 
example 



r^^:r^ 




P.C. BOARD 



P.C. BOARD 



Fig. 20 - Maximum dissipa- 
ble power and junction to 
ambient thermal resistance 
vs. side "k" 
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Fig. 21 - Maximum allowa- 
ble power dissipation vs. 
ambient temperature 
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LINEAR INTEGRATED CIRCUIT 



AM-FM RADIO 

The TDA 1220A is a monolithic integrated circuit in a 16-lead dual in-line plastic package designed for 
use in portable and home AM-FM radio sets as well as in industrial communication systems. 
The functions incorporated are: 



FM SECTION 

— IF amplifier 

— Quadrature detector 

— AF preamplifier 



AM SECTION 

— Preamplifier and double balanced mixer 

— Local oscillator 

— IF amplifier with internal AGO 

— Balanced detector 

— AF preamplifier 

The TDA 1220A is suitable for ail AM and FM broadcasting bands and it features: 

• Very low noise 

• High sensitivity 

• Wide supply voltage range (2.8 -^ 16V) 

• Low quiescent current (9 mA) 

• Very simple DC switching of AM-FM sections 

• Minimized number of external components 

• Local oscillator up to 30 MHz 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


16 


V 


Ptot 


Total power dissipation at Tgmb < 1 1 °C 


400 


mW 


Top 


Operating temperature 


-20 to 85 


°C 


Tstg.Tj 


Storage and junction temperature 


-55 to 150 


°C 



ORDERING NUMBER: TDA 1220A 
MECHANICAL DATA 



Dimensions in mm 




u'Li'Li"U"u'a uu 



,6.A"^" 



01 



7.6 



6/82 
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CONNECTION DIAGRAM (top view) 
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SCHEMATiC DIAGRAM 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 100 °C/W 
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ELECTRICAL CHARACTERISTICS (Tamb= 25°C, V3 = 9V unless otherwise specified, refer to 
test circuit) 



Parameter 


Test condition 


Min. 


Typ. 


Max. 


Unit 


DC CHARACTERiSTICS 




Vg Supply Voltage 




2.8 




16 


V 


l(^ Drain current 


AM section 




9 


15 


mA 


FM section 




9 


15 


AC CHARACTERISTICS 


AM SECTION (fo = 1 MHz; f^ - 1 KHz) 


Vj Input sensitivity 


S/N = 26 dB m = 0.3 




12 


25 


mV 


S/N Ultimate quieting 


Vj = 10mV m = 0.3 


50 


60 




dB 


AVj AGC range 


AVout^lOdB m = 0.3 


80 






dB 


Vq Recovered audio signal (pin 9) 


Vj - 1 mV m = 0.3 


40 


80 


160 


mV 


d Distortion 


Vj = 1 mV m = 0.8 




1 


3 


% 


d Distortion 


Vj = 1 mV m = 0.3 




0.4 


1 


% 


V|_| Max input signal handling 
capability 


m = 0.8 d=10% 




80 




mV 


Rj Input resistance between pins 2 
and 4 


m = 




7.5 




Kn 


Cj Input capacitance between 
pins 2 and 4 


m = 




18 




PF 


Rq Output resistance (pin 9) 






7 




Kn 


FM SECTION (fo = 10.7 MHz; f^^ = ^ KHz) 


Vj Input limiting voltage 


-3 dB limiting point 






36 


juV 


AMR Amplitude modulation rejection 


Af = ± 22.5 KHz 
Vi = 3mV 


35 


48 




dB 


S/N Ultimate quieting 


Af - ± 22.5 KHz Vj = 1 mV 


55 


70 




dB 


d Distortion (single tuned) 


Af = ± 75 KHz Vj = 1 mV 




0.7 


3 


% 


d Distortion (double tuned) 


Af = ± 22.5 KHz Vi = 1 mV 




0.2 






V^ Recovered audio signal (pin 9) 


Af = ± 22.5 KHz Vj= 1 mV 


40 


80 


160 


mV 


Rj Input resistance between pin 16 
and ground 


Af = 




6.5 




Kn 


Cj Input capacitance between 
pin 16 and ground 


Af = 




14 




pF 


Rq Output resistance (pin 9) 






7 




Kn 
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TEST CIRCUIT 



-OVl5 = 9V 




TOKu f\Av,S-K586-HM (single tuned) 
TOKO 125 LC-30057Pv/ 125LC-30058PV (double tuned ) 



Fig. 1 - PC board and component layout (1:1 scale) of the test circuit 
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Fig. 2 - Drain current vs. 
supply voltage. 
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Fig. 3 - Audio output and 
signal to noise ratio vs. input 
signal (AM section) 
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Fig. 4 - Audio output and 
signal to noise ratio vs. input 
signal (AM section) 
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Fig. 5 - Distorsion vs. input 
signal (AM section) 
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Fig. 6 - Distortion vs. nnodu- 
lation index (AM section) 
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Fig. 7 - Amplified AGC 
voltage (pin 4) vs. input 
signal (AM section) 
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Fig. 8 - Audio output vs. 
supply voltage with DC level 
shift resistor (AM section) 
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Fig. 9 - Audio output vs. 
supply voltage (AM section) 
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Fig. 10 -A DC voltage (pin 9) 
vs. ambient temperature 
(FM section) 
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Fig. 11 - Audio output and 
signal to noise ratio vs. input 
signal (FM section) 
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Fig. 12 - Distorsion vs. 
frequency deviation (FM 
section) 
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Fig. 13 - Distortion vs. 
input signal (FM section) 







illilll 






1 


1 lllllli 






1 


j 




ii 1 






1 


fo = 10.7MHz 














j 








Af= 1 22.5KHZ 






































- 


























































- 
















































s 









































































10 20 30 40 50 60 70 



Fig. 14 - Amplitude modu- 
lation rejection vs. input 
signal (FM section) 
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Fig. 15 - Audio output vs. 
supply voltage (FM section) 
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Fig. 16 - Audio output vs. 
supply voltage with DC level 
shift resistor (FM section) 



^OUT 








1 ! 


-- 






— 


- 


100 








fo = 10.7MHz 














muz 




r^ 


J 


















1 


80 




k 
















--■ 


^ 




60 








^ 


-- 


























.^ 




VY=10(5";i! 


V J 







40 


^--^ 




Vj = 40mV 




~~- 


20 










rJ 


/ 






„.._ 










- 



Fig. 17 -ADC output voltage 
(pin 9) vs. frequency shift 
(FM section) 
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Fig. 18 -- DC output voltage 
(pin 9) vs. supply voltage 
(FM section) 
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Fig. 19 - DC output voltage 
(pin 9) with DC level shift 
resistor vs. supply voltage 
(FM section) ^^„, 
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APPLICATION INFORMATION 
FM Section 



IF Amplifier and limiter 

The 10.7 MHz IF signal from the ceramic filter is amplified and limited by a chain of four differential 
stages. 

Pin 16 is the amplifier input and has a typical input impedance of 6.5 Kn in parallel with 14 pF at 
10.7 MHz. 

Bias for the first stage is available at pin 14 and provides 100% DC feedback for stable operating con- 
ditions. Pin 15 is the second input to the amplifier and is decoupled to pin 14, which is grounded by a 
20 nF capacitor. 

An RLC network is connected to the amplifier output and gives a 90° phase shift (at the IF centre 
frequency) between pins 13 and 12. The signal level at pin 13 is about 150 mV rms. 



FM Detector 

The circuit uses a quadrature detector and the choise of component values is determined by the accept- 
able level of distortion at a given recovered audio level. 

With a double tuned network the linearity improves (distortion is reduced) and the phase shift can be 
optimized; however this leads to a reduction in the level of the recovered audio. A satisfactory compro- 
mise for most FM receiver applications is shown in the test circuit. 

Care should be taken with the physical layout 
The main recommandations are: 

• Locate the phase shift coil as near as possible to pin 13. 

• Shunt pins 14 and 16 with a low value resistor (between 56^2 and 330f2). 

• Ground the decoupling capacitor of pin 14 and the 10.7 MHz input filter at the same point. 

If the supply voltage goes under 6V add a DC level shift resistor of 18 Kn from pin 9 to ground and 
change C1 1 to 8 nF. 



AM-FM Switching 

AM-FM switching is achieved by applying a DC voltage at pin 13, to switch the internal reference. 



Typical DC Voltages (refer to the test circuit) 



Pins 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


Unit 


AM 


9 


1.3 


9 


1.3 


1.3 


9 


9 


0.7 


2 


9 











8.4 


8.4 


8.4 


V 


FM 


9 


0.4 


9 


0.4 





9 


9 





2.6 


9 





9 


9 


8.1 


8.1 


8.1 


V 
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APPLICATION INFORMATION (continued) 
AM Section 

RF Ampiifier and mixer stages 

The RF amplifier stage (pin 2) is connected directly to the secondary winding of the ferrite rod antenna 
or input tuned circuit. Bias is provided at pin 4 which must be adequately decoupled. The RF amplifier 
provides stable performance extending beyond 30 MHz. 

The Mixer employed is a double - balanced multiplier and the IF output at pin 3 is connected directly to 
the IF filter coil. 



Local oscillator 

The local oscillator is a cross coupled differential stage which oscillates as the frequency determined by 
the load on pin 1. 

The oscillator resonant circuit is transformer coupled to pin 1 to improve the Q factor and frequency 
stability. 

The oscillator level at pin 1 is about 100 mV rms and the performance extends beyond 30 MHz, however 
to enhance the stability and reduce to a minimum pulling effects of the AGC operation or supply voltage 
variations, a high C/L ratio should be used above 10 MHz. 

An external oscillator can be injected at pin 1. The level should be 50 mV rms and pin 1 should be con- 
nected to the supply via a lOOn resistor. 



I F Amplifier Detector 

The IF amplifier is a wide band amplifier with a tuned output stage. 

The outputs are at pins 6 and 7 which drive the balanced load and the differential positive peak AM 
detector, which is biased to reduce distortion at high modulation levels. At the output of balanced detec- 
tors of this type there is a low level signal at double the IF frequency (about 920 KHz). To avoid feed- 
back of this signal by radiation from the detector coil, the shield around this coil must be grounded and 
the ferrite antenna placed in a suitable position. 

The Audio output is at pin 9 (for either AM or FM); the IF frequency is filtered by an external capacitor 
which is also used as the FM mono de-enphasis network. The audio output impedance is about 7 Kn 
and a high impedance load (~ 50 Kn) must be used. 



AGC 

Both the RF and the first IF amplifiers have the same differential amplifier circuit configuration. The 
AGC action is obtained by control of the collector current of these stages. 

At pin 8 there is a carrier envelope signal which is filtered by an external capacitor to remove the Audio 
and RF content and obtain a mean DC signal to drive the AGC circuit. 



522 



APPLICATION INFORMATION (continued) 
Fig. 20 - Low cost AM-FM radio 

(a) : _ 

lief r '"^ 




(b) FM front end 



C5-C6-C7-C8-C9-C10-C11-C12=TOKO CY2-2212/;FT VARIABLE CAPACITOR 




COILS 

LI FM Antenna coil - 6 Turns copper wire 0.9 mm diameter. Inner diameter 4 mm. Winding pitch 1 mm. 

L2 FM Tuning coil - 5 Turns copper wire 0.9 mm diameter. Inner diameter 4 mm Winding pitch 0.5 mm. 

L4 - 18 Turns copper wire 0.6 mm diameter. Inner diameter 2.5 mm. Closely wound. 

L5 MW Antenna coil - Televox. 

L3 FM osc. coil - 4 Turns copper wire 0.9 mm diameter. Inner diameter 4 mm. Winding pitch 2 mm. 
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APPLICATION INFORMATION (continued) 
Low cost receiver performance (Vg = 9V) 



Parameter 


Test conditions 


Value 


Wavebands 


FM 


87.5^ 108 MHz 


AM 


510 -^ 1620 KHz 


Sensitivity 


FM : 


75n (S + N/N) = 26 dB Af = 22.5 KHz 


<2 /iV 


AM 


(S + N/N) =6dB 


m = 0.3 


1 mV 


AM 


(S + N/N) = 26dB 


m = 0.3 


10 mV 


Distortion f^ = 1 KHz 


FM 


Vj= 100 mV Af = 22.5 KHz 


P = 0.5W 


< 0.25 % 




FM 


Vj - 100 mV Af-75KHz 


P = 0.5W 


< 1 % 


AM 


Vj = lOO/uV m = 0.3 


P = 0.5W 


< 0.6% 


AM 


Vj = lOOiuV m = 0.8 


P = 0.5W 


< 1 % 


S + N r . ,.u 


FM 


Vj = 100)uV Af = 22.5 KHz 


P = 0.5W 


> 70 dB 


• N fm - 1 I^Hz 


AM 


Vj = 1000iuV m = 0.3 


P = 0.5W 


> 55 dB 


Input linniting voltage 


FM 


-3 dB point 




< 1.5 )uV 


AMR 


FM 


Vj = 100 mV Af = 22.5 KHz 


m = 0.3 


> 45 dB 


1 F 


FM 


10.7 MHz 


AM 


460 KHz 


Quiescent current 


FM 


23 mA 


AM 


15 mA 


Supply voltage range 


FM 


3^ 12V 


AM 


3^12V 
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APPLICATION INFORMATION (continued) 
Fig. 23 - PC board and component layout of the four band radio (fig. 22) 
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APPLICATION INFORMATION (continued) 
FOUR BAND RADIO PERFORMANCE 



Parameter 


Test conditions 


Values 



AM SECTION (*) 



l-^l 


Vj = 10iuV m = 0.3 


26 dB 


Vj = 1 mV m = 0.3 


55 dB 


BW 


-3dB 


10 KHz 


Distortion 


Vj= 20iuV m = 0.3 


0.5 % 


Vi = 100MV m = 0.3 


0.5 % 


Vj = 1 mV m = 0.3 


0.5 % 


Vi = 20juV m = 0.8 


0.9 % 


Vi= 1 mV m = 0.8 


1% 



FM SECTION 



AMR 


V 


= 30mV Af = 22.5 KHz m = 0.3 fm= 1 KHz 


45 dB 


V 


= 100iLtV Af = 22.5 KHz m = 0.3 fm= 1 KHz 


47 dB 


Distortion 


V 


= 10 mV Af = 22.5 KHz 


0.3 % 


V 


= 100iuV Af = 22.5 KHz 


0.2 % 


V 


= 1 mV Af = 22.5 KHz 


0.2 % 


V 


= 10 mV Af = 75 KHz 


1 % 


V 


= 100mV Af = 75 KHz 


1 % 


1 '^^ 1 
' N ' 


V 


= lOjuV Af = 22.5 KHz 


60 dB 


V 


= 100mV Af = 22.5 KHz 


70 dB 


V 


= 1 mV Af = 22.5 KHz 


70 dB 


Input limiting 
voltage 


-3dB 


1 mV 



(*) The performance remains substantially the same over LW, MW and SW bands. 



vr'N;,;'l '/'■■'''".'.'''"'-"" '^'' -^' .-'',' Y-.\~ yf-' I f 18MHz .4.V.:,;., •/■-■:;-,;;.. \ 







100 KHz/div. 

Fig. 24 - FM-SECTION 
S curve response 




Fig.25- AM-SECTION 

Band pass IF filter response at AGO 

starting point. 
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APPLICATION INFORMATION (continued) 
Fig. 26 - Low cost 27 MHz receiver 
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Green Yel low 
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Sensitivity: IOmV for (-^^q-^) = 26 dB 



"ToOnF "jlOpF 



C" 



C9j^ R3 
!77nF 



0.1 uF 

CIO ^OUT 



Fig. 27 - PC board and component layout of 
the low cost 27 MHz receiver (1 :1 scale) 
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CA 
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TOA1220AC 
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L2 



NOTE - For a more detailed descrip- 
tion of the TDA 1220A and 
its applications refer to SGS- 
TECHNICAL NOTE TN.148. 



Fig. 28 - L2 Oscillator Coil 



3C 



t 

S-3419 



Coil support: Toko 10K. 
Primary winding: 10 Turns of enamelled cop- 
per wire 0.16 mm diameter (pins 3-1). 
Secondary winding: 4 Turns copper wire 
0.16 mm diameter (pins 6-4). 



Fig. 29 - LI Antenna Coil 



iC 



Coil support: Toko 10K. 
Primary winding: as L2 (pins 3-1 ) 
Secondary winding: 2 Turns copper wire 
0.16 mm diameter (pins 6-4). 
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LINEAR INTEGRATED CIRCUIT 



AM-FM QUALITY RADIO 

The TDA 1220B is a monolithic integrated circuit in a 16-lead dual in-line plastic package designed as 

an innproved version of the TDA 1220A. 

It is intended for quality receivers produced in large quantities. 

The functions incorporated are: 



AM SECTION 

— Preamplifier and double balanced mixer (1) 

— One pin local oscillator 

— IF amplifier with internal AGC 

— Detector and audio preamplifier 



FM SECTION 

— IF amplifier and limiter 

— Quadrature detector 

— Audio preamplifier 



The TDA 1220B is suitable up to 30 MHz {*) AM and for FM bands (including 450 KHz narrow band) 
and features: 



Very constant characteristics (3V to 16V) 

High sensitivity and low noise 

Very low tweet 

Very high signal handling {1V) 

Sensitivity regulation facility (**) 



— High recovered audio signal (100 mV) suited 
for stereo decoders and radio recorders 

— Very simple DC switching of AM-FM 

— Low current drain 



(1) Patent pending. 

* Up to 50 MHz with external cristal oscillator. 
** Maxinnum AM sensitivity can be reduced by mean of a resistor (5 to 12 K12) between pin 4 and ground. 



ABSOLUTE MAXIMUM RATINGS 



Vg Supply voltage 

Ptot Total power dissipation at Tgmb < 1 10°C 

Top Operating temperature 

Tstg* Tj. Storage and junction temperature 



16 V 

400 mW 

-30 to 85 °C 

-55 to 150 °C 



ORDERING NUMBER: TDA 1220B 
MECHAIVHCAL DATA 



Dimensions in mm 




GA^^^' 



QM 



7.6 





mB"^'' 






n n n ri p ,n n\ 




-« . 9 


rj- 


d U U U Li 


LJ U 
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CONNECTION DIAGRAM 



:>^^r^|r 



LOCAL 






OSCILLATOR [ 


' 


16 


AM INPUT 1 


2 


15 


MIXER OUT [ 


3 


U 


AMPLIFIED f 






AGO (BYPASS)l 


"* 




AM IF INPUT I 


5 


12 


AM DETECTOR f 
BYPASS I 


6 


1 1 


AM DETECTOpf 


" 


10 


AGC (BVPASS)[ 


8 


9 



IF FM INPUT 
IF FM BYPASS 
IF FM BYPASS 
FM DETECTOR 
FM DETECTOR 
GROUND 



BLOCK DIAGRAM 



FERRITE se 
ANTENNA 7\ 
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THERMAL DATA 



Thermal resistance junction-ambient 



max 100 °C/W 



ELECTRICAL CHARACTERISTICS (Ta^^^ 25°C, V^^ 9V unless otherwise specified, refer to 
test circuit) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




3 




16 


V 


Id Drain current 






10 




mA 



AM SECTION(fo = 1 MHz; f^^^ 1 KHz) 



Vj 


Input sensitivity 


S/N = 26 dB 


m = 0.3 




12 


25 


mV 


S/N 


Vj = lOmV 


m = 0.3 




52 




dB 


Vj 


AGC eange 


AVout=10dB 


m = 0.8 




100 




dB 


Vo 


Recovered audio signal 
(pin 9) 


Vj = 1 mV 


m = 0.3 


65 


120 




mV 


d 


Distortion 




0.4 




% 


Vh 


Max input signal handling 
capability 


m = 0.8 


d < 1 0% 




1 




V 


Ri 


Input resistance between 
pins 2 and 4 


m = 




7.5 




KO 


Cj 


Input capacitance between 
pins 2 and 4 


m = 




18 




PF 


Ro 


Output resistance (pin 9) 






7 




Kn 


Tweet 2 1 F 


m = 0.3 


Vj = 1 mV 




38 




dB 


Tweet 3 1 F 




55 




dB 



FM SECTION (fo = 10.7 MHz; f^^ 


= 1 KHz) 












Vj Input limiting voltage 


-3 dB lin.iting point 




22 




mV 


AMR Amplitude nnodulation 
rejection 


Af = ± 22.5 KHz 
Vj = 3mV 


m = 0.3 




52 




dB 


S/N Ultimate quieting 


Af = ± :>2.5 KHz 


Vj = 1 mV 




64 




dB 


d Distortion 


Af = ± 75 KHz 


Vj - 1 mV 




0.7 




% 


d Distortion 


Af = ± 22.5 


Vj = 1 mV 




0.25 




% 


d Distortion (double tuned) 




0.1 




% 


Vq Recovered audio signal 
(pin 9) 


Af = ± 22.5 KHz 


Vj = 1 mV 


65 


100 




mV 


Rj Input resistance between 
pin 16 and ground 


Af = 




6.5 




KH 


Cj Input capacitance between 
pin 16 and ground 


Af = 




14 




pF 


Rq Output resistance (pin 9) 






7 




Kn 
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Fig. 1 - Test circuit 



TDA1220B 



AUDO OUTPUT 




TOKO KAC5 K'dSG 



Fig. 2 - PC board and component layout (1:1 scale) of the test circuit. 
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Fig. 3 - Suggestion for 7 x 7 mm "LC" conventional filter use. 
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AUDIO OUTPUT 
O 



TOKO KACS K586 HM 



Fig. 4 - Suggestion for "coil block" use. 
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LINEAR INTEGRATED CIRCUIT 






LOW VOLTAGE AM-FM RADIO 

The TDA 1220L is a monolithic integrated circuit in a 16-lead dual in-line plastic package designed for 
use in 3V-4.5V-6V portable AM-FM radio receivers. 
The functions incorporated are: 



AM SECTION 

- Preamplifier and double balanced mixer* 

— One pin local oscillator 

- IF amplifier with internal AGC 

— Detector and audio preamplifier 



FM SECTION 

— IF amplifier and limiter 

— Quadrature detector 

— Audio preamplifier 



The TDA 1220L is suitable up to 30 MHz AM and for FM bands and features 

— High sensitivity and low noise 

— Very low tweet 

— High signal handling (1V) 

— Low battery drain 

* Patent pending. 



- AM sensitivity regulation facility 

- High stability of electrical characteristics from 
2V to 9V 

- Very simple DC switching of AM-FM 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


12 


V 


Ptot 


Total power dissipation at Tamb ^ 1 10°C 


400 


mW 


Top 


Operating temperature 


-20 to 85 


°C 


Tstg.Tj 


Storage and junction temperature 


-55 to 150 


°C 



ORDERING NUMBER: TDA 1220L 
MECHANICAL DATA 



Dimensions in mm 



&A^^' . 






. ]BAB'^'' 




pn n n n n n 


■■f$ 


16 




m 


D" 




M 
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CONNECTION DIAGRAM 



LOCAL 
OSCILLATOR 



AMPLIFIED 
AGO (BYPASS)! 



AM detector! 
AGC (BYPASS)[ 



' 1 


16 


' 2 


15 


[ 3 


K 


' 4 


13 


1 5 


12 


1^ 


" 


h 


10 


l« 


9 



IF FM INPUT 
IF FM BYPASS 
IF FM BYPASS 
FM DETECTOR 
FM DETECTOR 
GROUND 



BLOCK DIAGRAM 




IF AMPLIFIER 
LIMITER 



T4 



Q \ 



AM/FM SWITCH 
"^X^ 



REF 
VOLTAGE 




I 



^Hh 



THERMAL DATA 



f^th j-amb Thermal resistance junction-ambient 



max 100 



°C/W 
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ELECTRICAL CHARACTERISTICS (Tamb= 25°C, Vs= 4.5V unless otherwise specified, refer to 
test circuit) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Operating supply voltage 




2 




9 


V 


Ijj Drain current 






10 




nnA 



AM 


SECTION (fo = 1 iVIHz; f^ = 


1 KHz) 












Vi 


Input sensitivity 


S/N = 26 dB 


m = 0.3 




15 




JuV 


S/N 


Vj = 10 mV 


m = 0.3 




52 




dB 


Vi 


AGC range 


AVout=10dB 


m = 0.8 




100 




dB 


Vo 


Recovered audio signal 
(pin 9) 


Vj = 1 mV 


m = 0.3 




80 




mV 


d 


Distortion 






0.4 




% 


Vh 


Max input signal handling 
capability 


m = 0.8 


d< 10% 




1 




V 


Ri 


Input resistance between 
pins 2 and 4 


m = 




7.5 




Kn 


Ci 


Input capacitance between 
pins 2 and 4 


m = 




18 




PF 


Ro 


Output resistance (pin 9) 






5 




Kn 


Tweet 2 1 F 


m = 0,3 


Vj = 1 mV 




40 




dB 


Tweet 3 1 F 




55 




dB 



FM SECTION (fo = 10.7 MHz; f^ 


= 1 KHz) 










Vj Input limiting voltage 


-3 dB limiting point 




20 




mV 


AMR Amplitude modulation 
rejection 


Af = ± 22.5 KHz m = 0.3 
Vj = 3 mV 




50 




dB 


S/N Ultimate quieting 


Af = ± 22.5 KHz Vj = 1 mV 




70 




dB 


d Distortion 


Af = ± 22.5 KHz Vj = 1 mV 




0.3 




% 


Vq Recovered audio signal 
(pin 9) 


Af = ± 22.5 KHz Vj = 1 mV 




80 




mV 


Rj Input resistance between 
pin 16 and ground 


Af = 




6.5 




Ka 


Cj Input capacitance between 
pin 16 and ground 


Af = 




14 




pF 


Rq Output resistance (pin 9) 






5 




K12 
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Fig. 1 - Test circuit 




Fig. 2- PC board and component layout (1:1 scale) of the test circuit. 
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Fig. 3 - Suggestion for varicap tuned receiver. 
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Fig. 4 - Suggestion for "coil block" use 
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LINEAR INTEGRATED CIRCUIT 



TV VERTICAL DEFLECTION SYSTEM 

The TDA 1470 is a monolitic integrated circuit in a 16-lead dual in-line plastic package with or without 
external bar. It is intended for direct driving of colour TV yokes, but it offers a wide application range 
also in BW TVs, monitors and displays. 
The functions incorporated are: 

— Synchronization circuit 

— Oscillator and ramp generator 

— Power amplifier with high current capability 

— Flyback generator 

— Voltage regulator 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage at pin 3 


35 


V 


Vi4,Vi6 


Flyback peak voltage 


60 


V 


V7.V8 


Power amplifier input voltage 


+ 10 


V 






-0.5 


V 


lo 


Output peak current (non repetitive) at t = 2 ms 


3 


A 


lo 


Output peak current at f = 50 Hz, t ^ 10 ms 


3.5 


A 


lo 


Output peak current at f = 50 Hz, t > 1 m s 


2 


A 


I2 


Pin 2 D.C. current at Vjg < V3 


100 


mA 


I2 


Pin 2 peak to peak flyback current for f = 50 Hz, tf,y < 1 .5 ms 


3 


A 


ill 


Pin 1 1 current 


20 


mA 


Ptot 


Maximum power dissipation at Tease ^ 75°C 


25 


W 


Tstg. Tj 


Storage and junction temperature 


-40 to 150 


°c 



ORDERING NUMBER: TDA 1470 
MECHANICAL DATA 



Dimensions in mm 




^'^M'/^'^^'^M^^fP^^//^' 






./M://'':\'^^^Wf7/.'r7^^i 






''&;:ifWWt-i'M'':fi 


tL 








:/:'^l 


;#::\g-;%.;;i_i:.;U:;,t;i,:.id 


'W 
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CONNECTION AND BLOCK DIAGRAMS 

(top view) 



POWER GROUND 
FLYBACK 
SUPPLY VOLTAGE 
RAMP OUT 
RAMP GENERATOR 
COMPENSATION 
AMR (NPUT (+) 
AMP INPUT (- ) 



]aMP OUT 

]nc 

]amr supply 

]rEG, VOLTAGE 

Jheight adjust 
jsync. input 

i ] OSCILLATOR 
1 GROUND 



The copper slug is electrically 
connected to pin 9 (substrate) 




SCHEMATIC DIAGRAM 
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® @ ® ® (£> ® (b (V 
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THERMAL DATA 



Rth j-case Thermal resistance junction-case 



°C/W 



DC ELECTRICAL CHARACTERISTICS (Refer to the DC test circuits, Vs= 35V, Tg^b^ 25°C, 
unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


I3 Pin 3 quiescent current 


l2 = 




7 




mA 


lb 


1 14 Pin 14 quiescent current 


Il6=0 




10 




mA 


lb 


-1 10 Oscillator bias current 


Vio=1V 




0.1 




mA 


la 


-I3 Amplifier input bias 
current 


V8 = 1V 




1 




juA 


1b 


-I5 Ramp generator bias 
current 


V5 = 0V 




0.02 




mA 


la 


-I5 Ramp generator current 


V5=0V Ii2=20mA 




20 




mA 


lb 


Als 


AV5=0to 12V 
Ii2=20mA 




0.2 


1 


% 


lb 


Ramp generator linearity 
I5 


Vj Supply voltage range{pin3) 




10 




35 


V 


- 


V4 Pin 4 saturation voltage 
to ground 


14= 1 mA 




1 


1.4 


V 


- 


V2 Pin 2 saturation voltage 
to ground 


l2= 10 mA 




0.5 




V 


la 


V25 Quiescent output voltage 


Vs=10V Ri=10Ki:2 
R2=10 Kn 


4.15 


4.45 


4.73 


V 


la 


Vs=35V Ri=30Kn 
R2=10 KO 


8.3 


8.9 


9.45 


V 


la 


V16L Output saturation voltage 
to ground 


-ll6=0.8A 




1.3 




V 


1c 


-«16=1-5A 




1.7 




V 


1c 
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D.C. ELECTRICAL CHARACTERISXrCS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 


V16H Output saturation voltage 
to supply 


ll6=0.8A 




1.9 




V 


Id 


Il6=1-5A 




2.3 




V 


Id 


Vi3 Regulated voltage at 
pin 13 




6.1 


6.5 


6.9 


V 


lb 


V12 Regulated voltage at 
pin 12 


ll2=20juA 


6.2 


6.5 


7 


V 


lb 


AV13 AV12 Regulated voltages 
AVs ' AVs drift 


AVs=10to35V 




1 




mV/V 


lb 


V7 Amplifier input reference 
voltage 




2.07 


2.2 


2.3 


V 





Fig. 1 - DC test circuits 
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AC ELECTRICAL CHARACTERISTICS (Refer to the AC test circuit f = 50 Hz, V; = 24V, 
unless otherwise specified) 



Parameter 


Test conditions 


Min . 


Typ. 


Max. 


Unit 


Vg Operating supply voltage 


ly max= 2.2 App 




24 




V 


Is Supply current 


ly=2App 




270 




mA 


111 Sync, input current 




500 






iuA 


Vi6 Flyback voltage 


ly = 2App 




49 




V 


Vio Peak to peak oscillator 
sawtooth voltage 






2.4 




V 


tfiy Flyback time 


ly = 2 App 




0.6 




ms 


fo Free running frequency 


Ri+Pi =300Kn 
C2 = 100nF 




44 




Hz 


Ri+Pi = 260 Kn 
C2 = 100nF 




52 




Hz 


Af Synchronization range 


lll=500iuA 


14 






Hz 


Af Frequency drift vs. supply 
AVg voltage 


Vs= 10 to 35V 




0.005 




Hz/V 


Af Freauency drift vs. tab 
ATtab temperature 


Tamb=40to120°C 




0.01 




Hz/°C 
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Fig. 2 - AC Test circuit 
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Fig. 3 - Relative output 
voltage drift vs. supply 
voltage 
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Fig. 4 - Relative output volt- 
age drift vs. case temperature 
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Fig. 5 - Output saturation 
voltage vs. output current 
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Fig. 6 - Application circuit for large screen 110° TVC set (Ry= 5.9n; Ly= 10 mH; ly= 1.95 App) 



_n_FLYBACK^ 
OUTPUT ^-^ 




0.1/jF 
INPUT "-"^ "CI 21 



0*Vs = 24V 






C8 iR9** 

lOkfl 




2200AiF/2 5V 



^t Tolerance 5V. 



Typical performance 



Vs. 

•s 

tfly 

Pd 

Iv 



Operating supply voltage 

Supply current 

Flyback time 

TDA 1470 power dissipation 

Maximum scanning current 



For safe operation up to Tamb= 60°C a heatsink of Rth= 7°C/W is required. 



24 V 

300 mA 

0.7 ms 

4 W 

2.3 App 
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Fig. 7- Application circuit for PI L 26" -1 10° parallel connected (Ry=2.5r2; Ly=6.6mH; ly=2.36App) 



JL 



c^ 



^^^s 




3300/JF/16V 



* Tolerance 5*/i 



Typical performance 



Vs 

U 

tfly 



Operating supply voltage 

Supply current 

Flyback tinne 

TDA 1470 power dissipation 

Maxinfium scanning current 



For safe operation up to Tamb= 60°C a heatsink of Rth= 8 °C/W is required. 



16 


V 


345 


mA 


0.85 


nns 


3.5 


W 


2.5 


App 
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Fig. 8 - Application circuit for PI L 26" -1 10° series connected (Ry= 9.7a; Ly=26.4mH; ly=1.l8App) 



n FLYBACK ■ 
-^ ^ OUTPUT ^ 



Dl!MNA001 



-0»Vs = 23V 




;i000yuF/l6 



•X" Tolerance 5*/» 



Typical performance 



Vg Operating supply voltage 

Is Supply current 

tfiy Flyback time 

Pd TDA 1470 power dissipation 

I Maximum scanning current 



23 


V 


185 


mA 


1 


ms 


2.8 


W 


1.4 


App 



For safe operation up to Tamb= 60°C a heatsink of Rth= 10 °C/W is required. 
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Fig. 9 - P.C. board and component layout (Application circuits of fig. 6, 7 and 8) 



c, , f ^^^, .[^^ . , B-^^, 




C5-0119 



SYNC. IN OUT fVs FLYBACK 
INPUT YOKE OUTPUT 



MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsink as shown in fig. 10. 
The system for attaching the heatsink is very simple; it uses a plastic spacer which is supplied with the 
device on request (TDA 1470 F2). 

Thermal contact between the copper slug (of the package) and the heatsink is guaranteed by the pressure 
which the screws exert via the printed circuit board, this is due to the particular shape of the spacer. 

Note: The most negative supply voltage is connected to the copper slug, hence to the heatsink (because it is in contact 
with the slug). 
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Fig. 10 - Mounting system example (TDA 1470) 




HEATSINK 

R.f, = Ho8°CI\N 



CONTACT 
(SILICONE GREASE) 
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LINEAR INTEGRATED CIRCUIT 




PRELIMINARY DATA 

VERTICAL DEFLECTION CIRCUIT 

The TDA 1670 is a monolithic integrated circuit in 15-lead Multiwatt® package. It is a full performance 
and very efficient vertical deflection circuit intended for direct drive of the yoke of 110° colour TV 
picture tubes. It offers a wide range of applications also in portable CTVs, BW TVs, monitors and 
displays. The functions incorporated are. 

— Synchronization circuit 

— Precision oscillator and ramp generator 

— Power output amplifier with high current capability 

— Flyback generator 

— Voltage regulator 

— Precision blanking pulse generator 

— Thermal shut down protection 

— CRT screen protection circuit which blanks the beam current in the event of loss of vertical deflec- 
tion current. 



ABSOLUTE MAXIMUM RATINGS 



Vs 

V5 



Tstg / Tj 



Supply voltage at pin 14 
Flyback peak voltage 
Sync, input voltage 

Power amplifier input voltage 

Voltage at pin 13 

Output current (non repetitive) at t = 2 msec 

Output peak current at f = 50 Hz t > 10 jusec 

Output peak current at f = 50 Hz t < 10 jusec 

Pin 15 peak to peak flyback current at f = 50 Hz, tfiy < 1.5 msec 

Pin 15 DC current at Vi < V14 

Maximum power dissipation at Tease ^ 60° C 

Storage and junction temperature 



35 


V 


60 


V 


20 


V 


1-10 




V 


Vs 




3 


A 


2 


A 


3.5 


A 


3 


A 


100 


mA 


30 


W 


40 to 150 


°C 



ORDERING NUMBER: TDA 1670 
MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 




FLYBACK 

SUPPLY 

BLANKING OUTPUT 

AMPLIFIER INPUT(-) 

AMPLIFIER INPUT( + ) 

RAMP OUTPUT 

RAMP GENERATOR 

GROUND 

HEIGHT ADJUSTMENT 

OSCILLATOR 

SYNC. INPUT 

OSCILLATOR 

OSCILLATOR 

AMPLIFIER SUPPLY 

AMPLIFIER OUTPUT 



BLOCK DIAGRAM 



04V3 



BLANKING 
OUT 
O 
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THERMAL DATA 



»th j-amb 



Thermal resistance junction-case 
Thernnal resistance junction-annbient 



max 3 °C/W 
max 40 °C/W 



ELECTRICAL CHARACTERISTICS (Vs= 35V, Tamb= 25°C, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 



DC CHARACTERISTICS 



I2 Pin 2 quiescent current 


ll=0 




18 


30 


mA 


lb 


-I9 Ramp generator bias 
current 


V9=0 




0.02 


1 


mA 


lb 


-I9 Ramp generator current 


V9=0; -\J=20^iA 


18.5 


20 


21.5 


mA 


lb 


1 1 Ramp generator non 

'9 linearity 


AV9=0to 15V 
-I7=20mA 




0.2 


1 


% 


lb 


Il4 Pin 14 quiescent current 






25 


50 


mA 


lb 


Vi Quiescent output voltage 


Vs= 35V; Ra= 2.2 KO 
Rb= 1 Kn 


16.8 


17.8 


18.6 


V 


la 


Vs= 15V; Ra=390n 
Rb= 1 Kn 


7 


7.5 


8 


V 


Vj |_ Output saturation voltage 
to ground 


ll=1.2A 




1 


1.4 


V 


1c 


V^H Output saturation voltage 
to supply 


-ll= 1.2A 




1.6 


2.2 


V 


Id 


V4 Oscillator virtual ground 






0.45 




V 


lb 


V7 Regulated voltage at pin 7 


-I7=20mA 


6.3 


6.6 


7.1 


V 


lb 


AV7 


AVs= 15 to 35V 




1 




mV 


lb 


^ with supply voltage 


V 


^11 Amplifier input (+) 
reference voltage 




4.2 


4.4 


4.6 


V 


lb 


Vi3 Blanking output saturation 
voltage 


Il3= 10 mA 




0.35 




V 


la 


Vi5 Pin 15 saturation voltage 
to ground 


ll5=20mA 




1 


1.3 


V 


1a 
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Fig. 1 - DC test circuit 
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Vl3 
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-y 
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x~xx 



Fig. 1a 



^sO 



'n h^h 







x^ 



75 
Kil 



11 2 U 



Fig. 1b 



^10 7 9 

IT 



X 



22 

JKil 



47 

JKil 




12 5 10 8 ,^-V 

^M S - 5257 




Fig. 1c 



Fig. 1d 
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ELECTRICAL CHARACTERISTICS(Refer to the AC. test circuit of fig. 2, Tamb= 
Vs= 24V, f = 50 Hz, unless otherwise specified) 



25°C, 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



AC CHARACTERISTICS 



"s 


Supply current 


ly=2App 




295 




mA 


I5 


Sync input current 
required to sync. 




100 






mA 


Vl 


Flyback voltage 


ly=2App 




50 




V 


V3 


Peak to peak oscillator 
sawtooth voltage 


15=0 




3.6 




V 


15= 100 mA 




3.4 




V 


V 
lOthL 


Start scan level of the input 
ramp 






1.85 




V 


tfly 


Flyback time 


ly= 2 App 




0.6 




ms 


^blank 


Blanking pulse duration 


fo= 50 Hz 


Tj = 75° C 




1.4 




ms 


fo= 60 Hz 


Tj = 75° C 




1.17 




ms 


fo 


Free running frequency 


Ro= 7.5 Kr2 
Co= 330 nF 


Tj = 75°C 




43.5 




Hz 


Ro= 6.2 Kn 
Co= 330 nF 


Tj = 75°C 




52.5 




Hz 


Af 


Synchronization range 


15= 100 mA 


Tj = 75° C 




16 




Hz 


Tj 


Junction temperature for 
thermal shut-down 






145 




°C 



Fig. 2 - AC test circuit 




Kfly 
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Fig. 3 - Application circuit for small screen 90° TVC set {Ry= 15n; Ly= 30 mH, ly= 0.82 App) 



|C2 C3 D1 ""« 



220juF 
35V 




RT1 Uioo 

HEIGHTT "To.IijF 



The value depends on the characteristics of the CRT. The value shown is indicative only. 



Typical performance 



Vs 


Minimum supply voltage 


Is 


Supply current 


tfly 


Flyback time 


^blkg 


Blanking time 


fo 


Free running frequency 


Ptot 


Power dissipation 


Rth heatsink 


Thermal resistance of the heatsink 



forTamb=60°CandTj 
forTamb=60°CandTi 



<= 110°C 
K= 120°C 



25 


V 


140 


mA 


0.7 


msec 


1.4 


msec 


43.5 


Hz 


2.4 


W 


13 


°c/w 


16 


°c/w 
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Fig. 4 - Application circuit for 110° TVC set {Ry= 9.6n; Ly= 27 mH; ly= 1.17 App) 



SYNC. -, _ 
PULSE 2>'^ 




I =35V SJS 
~7Z70pF ~1|. 



IN^OOl 



,|220^F 
'■c?25V 



TDA1670 



U2.2a MRU 

7i:0.22uF U330n 



SWITCH , 




1R2 P^™ 

J'=^^ !<'SU »nR5 

HE IGHT 



* The value depends on the characteristics of the CRT. The value shown is indicative only. 



Typical performance 



V. 



»-fly 



••blkg 



'th heatsink 



Minimum supply voltage 

Supply current 

Flyback time 

Blanking time 

Free running frequency 

Power dissipation 

Thermal resistance for the heatsink 

forTa^b=60°CandTj^ax=110°C 

for Tamb= 60° C and Tj max= 120°C 



22.5 


V 


185 


mA 


1 


msec 


1.4 


msec 


43.5 


Hz 


2.7 


W 


11.5 


°c/w 


14.5 


°c/w 
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Fig. 5- Application circuit for 110° TVC set (Ry= 5.9^2; Ly= 10 mH; ly= 1.95 App) 



BLANKING 

OUT 

a 

SYNC. -, ^ 
PULSE 2>f^ 




The value depends on the characteristics of the CRT. The value shown is indicative only. 



Typical performance 



Vs 


Minimum supply voltage 


Is 


Supply current 


tfly 


Flyback time 


tbikg 


Blanking time 


fo 


Free running frequency 


Ptot 


Power dissipation 


Rth heatink 


Thermal resistance of the heatsink 




for Tar„b= 60°C and Tj ^,^= 1 10°C 




:orTan,b=60°CandTjn.ax=120°C 



24 


V 


285 


mA 


0.6 


msec 


1.4 


msec 


43.5 


Hz 


4.3 


W 


6.5 


°C/W 


8.5 


°C/W 
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Fig. 6 - PC board and components layout for the application circuits of fig. 3, 4 and 5(1:1 scale) 




C 2 






CS- 0162 



GND SYNC.Iy 
IN TEST 



Vs BLANK GND 

OUT 



APPLICATION INFORMATION (Refer to the block diagram) 

Oscillator and Sync gate (Clock generation) 

The oscillator is obtained by means of an integrator driven by a two threshold circuit that switches Rq 

high or low so allowing the charge or the discharge of Cq under constant current conditions. 

The Sync input pulse at the Sync gate lowers the level of the upper threshold and than it controls the 

period duration. A clock pulse is generated. 

Pin 4 is the inverting input of the amplifier used as integrator. 

Pin 6 is the output of the switch driven by the internal clock pulse generated by the threshold circuits. 

Pin 3 is the output of the amplifier. 

Pin 5 is the input for sync pulses (positive) 
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Ramp generator and buffer stage 

A current mirror, the current intensity of which can be externally adjusted, charges one capacitor pro- 
ducing a linear voltage ramp. 

The internal clock pulse stops the ramp increasing by a very fast discharge of the capacitor; a new 
voltage ramp is immediately allowed. 

The required value of the capacitance is obtained by means of the series of two capacitors, Ca and Cb, 
which allow the linearity control by applying a feedback between the output of the buffer and the 
tapping from Ca and Cb. 

Pin 7 The resistance between pin 7 and ground defines the current mirror current and than the height 

of the scanning. 
Pin 9 is the output of the current mirror that charges the series of Ca and Cb. This pin is also the 

input of the buffer stage. 
Pin 10 is the output of the buffer stage and it is internally coupled to the inverting input of the power 

amplifier through R1. 

Power amplifier 

This amplifier is a voltage-to-current power converter, the transconductance of which is externally 

defined by means of a negative current feedback. 

The output stage of the power amplifier is supplied by the main supply during the trace period, and by 

the flyback generator circuit during the most of the duration of the flyback time. The internal clock 

turns off the lower power output stage to start the flyback. 

The power output stage is thermally protected by sensing the junction temperature and then by putting 

off the current sources of the power stage. 

Pin 12 is the inverting input of the amplifier. An external network, Ra and Rb, defines the DC level 
across Cy so allowing a correct centering of the output voltage. The series network Re and Cc, 
in conjunction with Ra and Rb, applies at the feedback input pin 12 a small part of the par- 
abola, available across Cy, and the AC feedback voltage, taken across Rf. The external compo- 
nents Re, Ra and Rd, produce the linearity correction on the output scanning current ly and 
their values must be optimized for each type of CRT. 

Pin 11 is the non-inverting input and it is not used. At this pin the non-inverting input reference 
voltage supplied by the voltage regulator can be measured. 
This pin is only used on a quasi-bridge configuration. 

Pin 1 is the output of the power amplifier and it drives the yoke by a negative slope current ramply. 
Re and the Boucherot cell are used to stabilize the power amplifier. 

Pin 2 The supply voltage of the power output stage is forced at this pin. During the trace time the 
supply voltage is obtained from the main supply voltage Vg by a diode, while during the retrace 
time this pin is supplied from the flyback generator. 

Flyback generator 

This circuit supplies both the power amplifier output stage and the yoke during the most of the duration 
of the flyback time (retrace). 

The internal clock opens the loop of the amplifier and lets pin 1 floating so allowing the rising of the 
flyback. Crossing the main supply voltage at pin 14, the flyback pulse front end drives the flyback 

560 



TDAIiTO 



generator in such a way allowing its output to reach and overcome the main supply voltage, starting 

from a low condition forced during the trace period. 

An integrated diode stops the rising of this output increase and the voltage jump is transferred by means 

of capacitor Cf at the supply voltage pin of the power stage (pin 2). 

When the current across the yoke changes its direction, the output of the flyback generator falls down to 

the main supply voltage and it is stopped by means of the saturated output darlington at a high level. 

At this time the flyback generator starts to supply the power amplifier output stage by a diode inside 

the device. The flyback generator supplies the yoke too. 

Later, the increasing flyback current reaches the peak value and then the flyback time is completed: 

the trace period restarts. The output of the power amplifier (pin 1) falls under the main supply voltage 

and the output of the flyback generator is driven for a low state so allowing the flyback capacitor Cf 

to restore the energy lost during the retrace. 

Pin 15 is the output of the flyback generator that, when driven, jumps from low to high condition. An 
external capacitor Cf transfers the jump to pin 2 (see pin 2). 

Blanking generator and CRT protection 

This circuit is a pulse shaper and its output goes high during the blanking period or for CRT protection. 
The input is internally driven by the clock pulse that defines the width of the blanking time when a 
flyback pulse has been generated. If the flyback pulse is absent (short circuit or open circuit of the yoke), 
the blanking output remains high so allowing the CRT protection. 

Pin 13 is an open collector output where the blanking pulse is available. 

Voltage regulator 

The main supply voltage Vg is lowered and regulated internally to allow the required reference voltages 
for all the above described blocks. 



Pin 14 is the main supply voltage input Vg (positive). 
Pin 8 is the GND pin or the negative input of Vg. 



Fig. 7 - Output saturation 
voltage to ground vs. peak 
output current 
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V5 = 35V 
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Fig. 8 - Output saturation 
voltage to supply vs. output 
peak current 
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Fig. 9 - Maximum allowable 
power dissipation vs. am- 
bient temperature 0.3,./, 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsink. 
Thanks to the MULTIWATT® package attaching the heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink and the package it is better to insert a layer of silicon 
grease, to optimize the thermal contact; no electrical isolation is needed between the two surfaces. 



Fig. 10 - Mounting example 





562 



LINEAR INTEGRATED CIRCUIT 



PRELIMINARY DATA 

VERTICAL DEFLECTION CIRCUIT 

The TDA 1770 is a monolithic integrated circuit in 20-lead plastic package. It is a full performance and 
very efficient vertical deflection circuit intended for direct drive of the yoke. 

It offers a wide range of applications in portable CTVs, BW TVs, monitors and displays> The functions 
incorporated are: 

— synchronization circuit. 

— precision oscillator and ramp generator 

— power output amplifier 

— flyback generator 

— voltage regulator 

— precision blanking pulse generator 

— thermal shut down protection 

— CRT screen protection circuit which blanks the beam current in the event of loss of vertical deflec- 
tion current. 

The TDA 1770 is assembled in a new 20-lead plastic package which has 4 centre pins connected together 
and used for heatsinking, 

ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage at pin 2 


35 


V 


Vy.Vg 


Flyback peak voltage 


60 


V 


Vii 


Sync, input voltage 


20 


V 


Vi9,V2o 


Power amplifier input voltage 


1 ^^ 
' -10 








V 


Vi 


Voltage at pin 1 


Vs 




'o 


Output current (non repetitive) at t = 2 msec 


2 


A 


'o 


Output peak current at f = 50 Hz t > 10 jUsec 


1.2 


A 


•o 


Output peak current at f = 50 Hz t < 10 jUsec 


2.2 


A 


h 


Pin 3 peak to peak flyback current at f = 50 Hz, tf,y < 1 .5 msec 


2 


A 


'3 


Pin 3 DC current at V7 < V2 


50 


mA 


Ptot 


Maximum power dissipation: at Tpj^s =^ 90°C 


4.3 


W 




atTamb=70°C 


1 


W 


T^tg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 1 770 

MECHANICAL DATA 



Dimensions in mm 






^mmm^^M^^mmmx^ 




p 


ipisliipiipil 


n 


20 

1 






6" 


ftii jfc&fcft fifei m. 
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CONNECTION DIAGRAM 

(top view) 



BLANKING OUTPUT 

SUPPLY ( + ) 

FLYBACK 

N.C. I 

GROUND 

GROUND 

AMPLIFIER OUTPUT 

AMPLIFIER SUPLLY] 

OSCILLATOR 

OSCILLATOR 



■vy- 



AMPLIFIER INPUT(-) 

AMPLIFIER iNPUT(+) 

RAMP OUTPUT 

RAMP GENERATOR 

GROUND 

GROUND 

HEIGHT ADJUST. 

N.C. 

OSCILLATOR 

SYNC. INPUT 



BLOCK DIAGRAM 



0*V3 
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THERMAL DATA 



»th j-pins 



Thermal resistance junction-pins 



Rth j-amb Thermal resistance junction-ambient 



max 14 °C/W 
max 80 °C/W 



ELECTRICAL CHARACTERISTICS {Vs= 35V, Tamb= 25°C, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Fig. 



DC CHARACTERISTICS 



I2 Pin 2 quiescent current 






30 


50 


mA 


lb 


Ig Pin 8 quiescent current 


17=0 




18 


30 


mA 


lb 


-1 1 7 Ramp generator bias 
current 


Vi7=0 




0.02 


1 


mA 


la 


-Il7 Ramp generator current 


Vi7=0; -Ii4=20mA 


18.5 


20 


21.5 


mA 


lb 


, AI17 , 

1 1 Ramp generator non 

'17 linearity 


AVi7=0to 15V 
-ll4=20/uA 




0.2 


1 


% 


lb 


Vj Blanking output saturation 
voltage 


ll= 10mA 




0.35 




V 


lb 


V3 Pin 3 saturation voltage 
to ground 


13= 20 mA 




1 


1.3 


V 


la 


V7 Quiescent output voltage 


Vs= 35V; Ra= 2.2 Kn 
Rb= 1 Kn 


16.8 


17.8 


18.6 


V 


1a 


Vs= 15V; Ra= 39012 
Rb= 1 Kfi 


7.1 


7.5 


8 


V 


V7|_ Output saturation voltage 
to ground 


l7=0.7A 




0.7 


1 


V 


1c 


V7H Output saturation voltage 
to supply 


-l7=0.7A 




1.3 


1.8 


V 


Id 


Vjo Oscillator virtual ground 






0.45 




V 


la 


Vi4 Regulated voltage at pin 14 


-Ii4=20mA 


6.3 


6.6 


7.1 


V 


lb 


AV14 


AVs= 15 to 35V 




1 




mV 


1b 


^^s with supply voltage 


V 


Vi9 Amplifier input {+) 
reference voltage 




4.2 


4.4 


4.6 


V 


lb 



565 



TOA1770 



Fig. 1 - DC test circuit 
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ELECTRICAL CHARACTERISTICS (Refer to the A.C. test circuit of fig. 2, Vs= 20V, f= 50 Hz, 
Tamb^" 25°C, unless otherwise specified) 



Parameter 



Test conditions 



Min. 



Typ. 



Max. Unit 



AC CHARACTERISTICS 



Ig Supply current 


ly= 1 App 




160 




mA 


111 Sync, input current 




100 






mA 


Vy Flyback voltage 


ly= 1 App 




42 




V 


Vg Peak to peak oscillator 
sawtooth voltage 


lll=0 




3.6 




V 


lll= 100M 




3.4 




V 


VisthL Start scan level of the 
input ramp 






1.85 




V 


tfiy Flyback time 


ly= 1 App 




0.75 




msec 


^blank Blanking pulse duration 


fo= 50 Hz 




1.4 




ms 


fo= 60 Hz 




1.17 




ms 


fo ' Free running frequency 


Ro= 7.5 Kn 
Co=330nF 




43.5 




Hz 


Ro=6.2Kn 
Co= 330 nF 




52.5 




Hz 


Af Synchronization range 


lll= 100 mA 




16 




Hz 


Tj Junction temperature for 
thermal shut-down 






145 




°C 



Fig. 2 - AC test circuit 




1 1 I'^^ 
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Fig. 3 - Typical application circuit for small screen 90° TVC set (Ry= ^5a; Ly= 30 mH; ly= 0.82 App) 



BLANKING 
OUT 

o 

PULSE i^^^ 






■^\^. 



35V 




The value depends on the characteristics of the CRT. The value shown is indicative only. 



Typical performance 



Vs 
Is 

tfly 



■bikg 



t| 

Ptot ^ 

Rth heatsink 



Minimum supply voltage 

Supply current 

Flyback time 

Blanking time 

Free running frequency 

Total dissipation 

Thermal resistance of the heatsink 

for Tamb= 60°C and Tj ^^^= 130°C 



25 


V 


140 


mA 


0.7 


msec 


1.4 


msec 


43.5 


Hz 


2.4 


W 



°c/w 



See 'Thermal considerations". 
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Fig. 4 -Typical application circuit for B/W TV set (Ry= 10n; Ly= 20 mH; ly= 1 App) 
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17 5,6.15,16 18 



SERVICER 

SWITCH y^i 



RT1 
HEIGHT 



2.2 n 



C72l0.22uF L 
J. 2.4K-n . 



iRII 
330n 



R8^"RlI) 



R8=t 



IX ^., i^-_ VKii I* DC 4ooKn ! i.sn 



220 t 

KA «.' 

1 I- 



^R12 
ji±5-/o 



The value depends on the characteristics of the CRT. The value shown is indicative only. 



Typical performance 



fly 



•■blkg 



t| 

Ptot 

Rth heatsink 



Minimum supply voltage 
Supply current 
Flyback time 
Blanking time 
Free running frequency 
Power dissipation 
** Thermal resistance of the heatsink 



for Tamb= 60° C and Tj , 



130°C 



20 


V 


160 


mA 


0.75 


msec 


1.4 


msec 


43.5 


Hz 


2.1 


W 



11 



°c/w 



See "Thermal considerations". 
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Fig. 5 - Typical application circuit for small screen {Ry= 2.9fi; Ly= 6 mH; ly= 1.1 App) 




The value depends on the characteristics of the CRT. The value shown is indicative only. 



Typical performance 



••fly 
tfalkg 



»th heatsink 



Minimum supply voltage 

Supply current 

Flyback time 

Blanking time 

Free running frequency 

Power dissipation 

Thermal resistance of the heatsink 

for Tanib= 60°C and Tj ^^^= 130°C 



10.5 


V 


170 


mA 


0.45 


msec 


1.4 


msec 


43.5 


Hz 


1.25 


W 



28 



=^C/W 



See "Thermal considerations". 
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Fig. 6 - PC board and components layout for the application circuits of fig. 3, 4 and 5 ( 1:1 scale) 
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APPLICATION INFORMATION (Refer to the block diagram) 

Oscillator and Sync gate (Clock generation) 

The oscillator is obtained by means of an integrator driven by a two threshold circuit that switches Ro 

high or low so allowing the charge or the discharge of Co under constant current conditions. 

The Sync input pulse at the Sync gate lowers the level of the upper threshold and than it controls the 

period duration. A clock pulse is generated. 

Pin 10 is the inverting input of the amplifier used as integrator. 

Pin 12 is the output of the switch driven by the internal clock pulse generated by the threshold circuits. 

Pin 9 is the output of the amplifier. 

Pin 11 is the input for sync pulses (positive). 

Ramp generator and buffer stage 

A current mirror, the current intensity of which can be externally adjusted, charges one capacitor pro- 
ducing a linear voltage ramp. 

The internal clock pulse stops the ramp increasing by a very fast discharge of the capacitor; a new 
voltage ramp is immediately allowed. 

The required value of the capacitance is obtained by means of the series of two capacitors, Ca and Cb, 
which allow the linearity control by applying a feedback between the output of the buffer and the 
tapping from Ca and Cb. 

Pin 14 The resistance between pin 7 and ground defines the current mirror current and than the height 

of the scanning. 
Pin 17 is the output of the current mirror that charges the series of Ca and Cb. This pin is also the 

input of the buffer stage. 
Pin 18 is the output of the buffer stage and it is internally coupled to the inverting input of the power 

amplifier through R1 . 
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APPLICATION INFORMATION (continued) 

Power amplifier 

This amplifier is a voltage-to-current power converter, the transconductance of which is externally 

defined by means of a negative current feedback. 

The output stage of the power amplifier is supplied by the main supply during the trace period, and by 

the flyback generator circuit during the most of the duration of the flyback time. The internal clock 

turns off the lower power output stage to start the flyback. 

The power output stage is thermally protected by sensing the junction temperature and then by putting 

off the current sources of the power stage. 

Pin 20 is the inverting input of the amplifier. An external network, Ra and Rb, defines the DC level 
across Cy so allowing a correct centering of the output voltage. The series network Re and Cc, 
in conjunction with Ra and Rb, applies at the feedback input pin 20 a small part of the par- 
abola, available across Cy, and the AC feedback voltage, taken across Rf. The external compo- 
nents Re, Ra and Rd, produce the linearity correction on the output scanning current ly and 
their values must be optimized for each type of CRT. 

Pin 19 is the non-inverting input. At this pin the non-inverting input reference voltage supplied by the 
voltage regulator can be measured. 
This pin is used on a quasi-bridge configuration or on portable TVS. 

Pin 7 is the output of the power amplifier and it drives the yoke by a negative slope current ramp ly. 
Re and the Boucherot cell are used to stabilize the power amplifier. 

Pin 8 the supply voltage of the power output stage is forced at this pin. During the trace time the 
supply voltage is obtained from the main supply voltage Vg by a diode, while during the retrace 
time this pin is supplied from the flyback generator. 

Flyback generator 

This circuit supplies both the power amplifier output stage and the yoke during the most of the duration 
of the flyback time (retrace). 

The internal clock opens the loop of the amplifier and lets pin 1 floating so allowing the rising of the 
flyback. Crossing the main supply voltage at pin 2, the flyback pulse front end drives the flyback gener- 
ator in such a way allowing Its output to reach and overcome the main supply voltage, starting from a 
low condition forced during the trace period. 

An integrated diode stops the rising of this output increase and voltage jump is transferred by means 
of capacitor Cf at the supply voltage pin of the power stage (pin 8). 

When the current across the yoke changes its direction, the output of the flyback generation falls down 
to the main supply voltage and it is stopped by means of the saturated output darlington at a high level. 
At this time the flyback generator starts to supply the power amplifier output stage by a diode inside the 
device. The flyback generator supplies the yoke too. 

Later, the increasing flyback current reaches the peak value and then the flyback time is completed: 
the trace period restarts. The output of the power amplifier (pin 7) falls under the main supply voltage 
and the output of the flyback generator is driven for a low state so allowing the flyback capacitor Cf to 
restore the energy lost during the retrace. 

Pin 3 is the output of the flyback generator that, when driven, jumps from low to high condition. 
An external capacitor Cf transfers the jump to pin 8 (see pin 8). 

Blanking generator and CRT protection 

This circuit is a pulse shaper and its output goes high during the blanking period or for CRT protection. 
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APPLICATION INFORMATION (continued) 

The input is internally driven by the clock pulse that defines the width of the blanking tinne when a 
flyback pulse has been generated. If the flyback pulse is absent (short circuit or open circuit of the yoke), 
the blanking output remains high so allowing the CRT protection. 

Pin 1 is an open collector output where the blanking pulse is available. 

Voltage regulator 

The main supply voltage Vg is lowered and regulated internally to allow the required reference voltages 
for all the above described blocks. 

Pin 2 is the main supply voltage input Vg (positive). 

Pin 5, 6, 15, 16 are the GND pins or the negative input of Vg. 



THERMAL CONSIDERATIONS (a note referred to Fig. 3, 4 and 5) 

The shown value of case to ambient thermal resistance is the equivalent to three thermal resistances 
that are: 

R1 — Thermal resistance junction to ambient of the device. 
R2 — Thermal resistance of the p.c. copper side. 
R3 — Thermal resistance of the auxiliary heatsink. 

The circuit that contains these thermal resistances is shown on fig. 7 where R3 is the thermal resistance 
junction to pins of the device and Pd is the maximum dissipated power. 

Fig. 7 - Semiconductor heatsink thermal circuit. 




Since the thermal resistance R3 of the heatsink Is defined from its physical and mechanical charac- 
teristics, it is necessary to define the required copper side on the p.c. board for the necessary R2 value. 
For instance, let's consider the application for the 90° yoke. 
It is known: 

Tj max= 130°C; T^mb max= 60°C; Rth c-amb=8°C/W; Rth j-pins(or R4)= 14°C/W; Rth j-amb=80°C/W. 

It can be calculated: 

p = ' j max " Tamb max __ 130 - 60 _ _ iqxa/ 

Rth c-amb "'■ ^th j-pins" 8 + 14 

Using an auxiliary heatsink of a thermal resistance R3= 20°C/W (including some losses), it can be easily 
calculated (see fig. 7): R2 = 94°C/W. 
From fig. 9, it can be found: 5 > 21 mm. 
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MOUNTING INSTRUCTIONS 

The Rth j-amb of the TDA 1770 can be reduced by soldering the GND pins to a suitable copper area of 

the printed circuit board (Fig. 8) or to an external heatsink. 

The diagram of figure 9 shows the R^h as a function of the side "9." of two equal square copper areas 

having a thickness of 35/u (1 .4 mils). 

During soldering the pins temperature must not exceed 260°C and the soldering time must not be longer 

than 12 seconds. 

The external heatsink or printed circuit copper area must be connected to electrical ground. 

Fig. 8 - Example of P.C. board copper area which is used as heatsink. 

COPPER AREA 35 jU THICKNESS 




P.C. BOARD 



Fig. 9 - Thermal resistance 
of the P.C. copper side vs. 
side "£" 
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Fig. 1 - Maximum allowable 
power dissipation vs. am- 
bient temperature 
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LINEAR INTEGRATED CIRCUIT 



4W AUDIO AMPLIFIER 

The TDA 1904 is a monolithic integrated circuit in POWERDIP package intended for use as low-fre- 
quency power amplifier in a wide range of applications in portable radio and TV sets. 
Its main features are: 

— High output current capability (up to 2A) 

— Protection against chip overtemperature 

— Low noise 

— High supply voltage rejection 

— Supply voltage range: 4V to 20V 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


20 


V 


•o 


Peak output current (non repetitive) 


2.5 


A 


lo 


Peak output current (repetitive) 


2 


A 


Ptot 


Total power dissipation at Tgmb^ 80° C 


1 


W 




Tease = 60°C 


6 


W 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 1904 



MECHANICAL DATA 



Dimensions in mm 





« 






t 




(f\ 


4WARR 

0.85*1.60 1 










»~^ 




,2.54 




17.78 







M'^^' 



7.6 



m8^^' 




nr\ n n n n n 


n 


^ 




'u U U u u u u 


U 
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CONNECTION DIAGRAM 

(top view) 



OUTPUT [ 

BOOTSTRAP 

N.C 
N.C 

INVERT. IN 
SVR 



NON INVERT. 
INPUT 



1 


\J 


16 


2 




15 


3 




U 


U 




13 


5 




12 


6 




1 1 


7 




10 


8 




9 



]gno 

] GNO 

]gnd 
]gno 

J GNO 

]gno 
]gnd 
Ignd 



SCHEMATIC DIAGRAM 
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THERMAL DATA 



Rth j-case Thermal resistance junction-pins 
^th j-amb Thermal resistance junction-ambient 



max 15 °C/W 
max 70 °C/W 
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TEST CIRCUIT 



wmm 



v.a 




(*) R4 is necessary only for Vg < 6V 



ELECTRICAL CHARACTERISTICS (refer to the test circuit, G^= 40 dB, Rl= 4n, Tamb= 25°C 
unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


IVIax. 


Unit 


Vg Supply voltage 




4 




20 


V 


Id Quiescent drain current 


Vs= 9V 
Vs= 14V 




16 
19 




mA 
mA 


Pq Output power 


d = 10% f = 1 KHz 
Vs= 9V 
Vs=12V 
Vs= 6V 




2 

3.5 
0.8 




W 
W 
W 


d Distortion 


Vs= 9V f = 1 KHz 

Po= 50 mW to 1 .2W 

Vs= 14V 

Po= 50 mW to 2W 




0.1 
0.1 




% 
% 


Rj Input resistance (pin 8) 






150 




KQ. 


B Frequency response 




40 to 40 000 


Hz 


Gv Voltage gain (open loop) 






80 




dB 


Gv Voltage gain (closed loop) 






40 




dB 


eiM Total input noise voltage 


Rg= 1 Kn; B= 22Hz to 22KHz 




3 




mV 


Rg=10Kn; B = curve A 




2 


4 


Tj Efficiency 


Vs= 9V Po=2W 
Vs=12V Po=3.5W 




70 
65 




% 


SVR Supply voltage rejection 


Vs=12V Rg=10Kf2 
fripple=100Hz 




50 




dB 
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Fig. 1 - Application circuit 
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Fig. 2 ~ P.C. board and components layout of fig. 1(1:1 scale) 
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LINEAR INTEGRATED CIRCUIT 



5W AUDIO AMPLIFIER WITH MUTING 

The TDA 1905 is a monolithic integrated circuit in POWERDIP package, intended for use as low fre- 
quency power amplifier in a wide range of applications in radio and TV sets. 
Its main features are: 

— muting facility 

— protection against chip over temperature 

— very low noise 

— high supply voltage rejection 

— low "switch-on" noise 

— voltage range 4V to 30V 

The TDA 1905 is assembled in a new plastic package, the POWERDIP, that offers the same assembly 
ease, space and cost saving of a normal dual in-line package but with a power dissipation of up to 6W 
and a thermal resistance of 15°C/W (junction to pins). 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


30 


V 


lo 


Output peak current (non repetitive) 


3 


A 


lo 


Output peak current (repetitive) 


2.5 


A 


Vi 


Input voltage 


to + Vs 


V 


Vj 


Differential input voltage 


±7 


V 


Vii 


Muting thresold voltage 


Vs 


V 


Ptot 


Power dissipation at Tgmb "^ 80°C 


1 


W 




Tease =60°C 


6 


W 


Tstg'Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 1905 
MECHANICAL DATA 



Dimensions in mm 




^ U U Ll'U u u ' u 
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CONNECTION DIAGRAM 










(Top view) 










OUTPUT 1 


1 


v-y 


16 


]gnd 


vs ^ 


2 




15 


]gnd 


BOOTSTRAP 1 


3 




U 


]gnd 


THRESHOLD | 


A 




13 


Jgnd 


MUTING 1 


5 




12 


|gnd 


INVERT. IN 1 


6 




11 


Jgnd 


SVR I 


7 




10 


]gnd 


NON INVERT. 1 
INPUT 1 


8 




9 


|gnd 



SCHEMATIC DIAGRAM 




THERMAL DATA 



Rthj-case Thermal resistance junction-pins 
Rthj-amb Tliermal resistance junction-amb 



max 15 °C/W 
max 70 °C/W 
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TEST CIRCUIT 
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MUTING CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb 
20°C/W, unless otherwise specified) 



= 25°C, Rth (heatsink) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs Supply voltage 




4 




30 


V 


Vq Quiescent output voltage 


Vs = 4V 
Vs= 14V 
Vs = 30V 


1.6 
6.7 
14.4 


2.1 
7.2 
15.5 


2.5 
7.8 
16.8 


V 


Icj Quiescent drain current 


Vs = 4V 
Vs=14V 
Vs = 30V 




15 
17 
21 


35 


mA 


^CE sat Output stage saturation 
voltage 


lc = 1A 
lc = 2A 




0.5 

1 




V 


Pq Output power 


d = 10% f=1KHz 
Vs = 9V RL = 4n (*) 
Vs=14V RL = 4n 
Vs=18V RL = 8n 
Vs = 24V RL=16n 


2.2 

5 

5 
4.5 


2.5 
5.5 
5.5 
5.3 




W 


d Harmonic distortion 


f = IKHz 

Vs = 9V RL = 4n 

Po = 50 mW to 1 .5W 
Vs=14V RL = 4n 

Pq = 50 mW to 3W 
Vs=18V RL = 8a 

Pq = 50 mW to 3W 
Vs = 24V RL=16n 

Po = 50 mW to 3W 




0.1 
0.1 
0.1 
0.1 




% 


Vj Input sensitivity 


f = IKHz 

Vs = 9V RL = 4r2 Po = 2.5W 
Vs=14V RL = 4n Po = 5.5W 
Vs=18V RL = 8n Po = 5.5W 
Vs = 24V Rl=16^ Po = 5.3W 




37 
49 
73 
100 




mV 


Vj Input saturation 
voltage (rms) 


V. = 9V 
Vs=14V 
Vs=18V 
Vs = 24V 


0.8 
1.3 
1.8 
2.4 






V 


Rj Input resistance (pin 8) 


f = IKHz 


60 


100 




Kn 


Icj Drain current 


f = IKHz 

Vs = 9V RL = 4n Po = 2.5W 
Vs=14V RL = 4n Po = 5.5W 
Vs=18V RL = 8n Po = 5.5W 
Vs = 24V RL=16n Po = 5.3W 




380 
550 
410 
295 




mA 


T] Efficiency 


f = 1KHz 

Vs = 9V RL = 4n Po = 2.5W 
Vs=14V R^ = An Po = 5.5W 
Vs=18V RL = 8f2 Po = 5.5W 
Vs = 24V R L = 1 6r2 Pq = 5.3W 




73 
71 
74 
75 




% 



(*) With an external resistor of 10012 between pin 3 and H-Vg 
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ELECTRICAL CHARACTERISTICS (continued) 



1 

Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


BW Small signal 

bandwidth {-3dB) 


Vs=14V RL = 4r2 Po = 1W 


40 to 40,000 


Hz 


G^ Voitage gain (open loop) 


Vs= 14V 
f = IKHz 




75 




dB 


G^ Voltage gain (closed loop) 


Vs=14V R|_ = 4n 
f = 1KHz Po=1W 


39.5 


40 


40.5 


dB 


ejsj Total input noise 


Rg = 50n 

Rg= IKn (°) 

Rg= lOKn 




1.2 
1.3 
1.5 


4.0 


mV 


Rg = son 

Rq= IKn (°°) 

Rg=10Kn 




2.0 
2.0 
2.2 


6.0 


mV 


S/N Signal to noise ratio 


Vs=14V 
Po = 5.5W 
RL=4n 


Rq=10Kn 

Rg = {°) 




90 
92 




dB 


Rq=10KO .. 
Rg-0 < ^ 




87 
87 




dB 


SVR Supply voltage rejection 


Vs=18V RL = 8n 
fripple=100Hz Rg = 10Kn 
Vripple = 0.5Vrms 


40 


50 




dB 


Tsd Thermal shut-down ,*v 
case temperature 


Ptot = 2.5W 




115 




°C 



MUTING FUNCTION (Refer to Muting circuit) 



Vj Muting-off threshold 
^^^ voltage (pin 4) 




1.9 




4.7 


V 


Vy Muting-on threshold 
^^ voltage (pin 4) 









1.3 


V 


6.2 




Vs 


R5 Input resistance (pin 5) 


Muting off 


80 


200 




Kn 


Muting on 




10 


30 





R4 Input resistance (pin 4) 




150 






Kn 


Aj Muting attenuation 


Rg + Rl = lOKa 


50 


60 




dB 



Note: 

(°) Weighting filter = curve A. 

(°°) Filter with noise bandwidth: 22 Mz to 22 KHz. 

(*) See fig. 30 and fig. 31 
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Fig. 1 - Quiescent output 
voltage vs. supply voltage 



Fig. 2 - Quiescent drain cur- 
rent vs. supply voltage 



Fig. 3 - Output power vs. 
supply voltage 
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Fig. 4 - Distortion vs. out- 
put power ( R L = 1 6^2) 
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Fig. 5 - Distortion vs. out- 
put power (Rl = 8^) 
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Fig. 6 - Distortion vs. out- 
put power (Rl = 4^) 
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Fig. 7 - Distortion vs. fre- 
quency (Rl= 16^) 
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Fig. 8 - Distortion vs. fre- 
quency (Rl = SQ,) 































































































































































































































































































































t 




V 


=in 










!„"„,., 11 






^. 






RL=8r 

Lllill 


' 






/ 






-;: 


s. 


^ 


IL. 




.•jy. 


'' 






































































































































... 
























« e t 












4 6 i 



Fig. 9 - Distortion vs. fre- 
quency (Rl = 4^) 
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Fig. 10 - Open loop fre- 
quency response 




Fig. 11 - Output power 
vs. input voltage 
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Fig. 12 - Value of capaci- 
tor Cx vs. bandwidth (BW) 
and gain (Gv) 
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Fig. 13 -Supply voltage re- 
jection vs. voltage gain (ref. 
to the Muting circuit) 




Fig. 14 - Supply voltage re- 
jection vs: source resistance 



Fig. 15 - Max power dissi- 
pation vs. supply voltage 
(sine wave operation) ^.,,g. 
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Fig. 16 - Power dissipation 
and efficiency vs. output 
power 3.,,,3„ 
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Fig. 17 - Power dissipation 
and efficiency vs. output 
power 
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Fig. 18 - Power dissipation 
and efficiency vs. output 
power 
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APPLICATION INFORMATION 



Fig. 19 - Application circuit without muting 



Fig. 20 - PC board and components lay-out 
of the circuit of fig. 19 (1:1 scale) 



.(^H^^ 




{*) R4 is necessary only 
for V.< 10V. 



Po = 5.5W{d = 10%) 
Vs=14V 
ld=0.55A 
Gv=40dB 



C5 



'07; 



,.,D..n:.„d.,n,..,o,Q,n,.,n, 



1 tDA 1905 
^rtnrcjxnnrtr 






'C4 



C2 



^ J 



Ira 



C3 



tE2- 



# 



CS-0129/1 



-ORi 



o 



GND 



P>i 



MV3 



Fig. 21 - Application circuit with muting 



Fig. 22 - Delayed muting circuit 
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APPLICATION INFORMATION (continued) 
Fig. 23 - Low-cost application circuit without bootstrap. 




Fig. 24 - Output power vs. 
supply voltage (circuit of 
fig. 23) 
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Fig. 25 - Two position DC tone control using change of pin 5 
resistance (muting function) 




Fig. 26 - Frequency response 
of the circuit of fig. 25 
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Fig. 27 - Bass Bomb tone control using change of pin 5 resistance 
(muting function) 




Fig. 28 - Frequency response 
of the circuit of fig. 27 
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MUTING FUNCTION 

The output signal can be inhibited applying'a DC voltage Vj to pin 4, as shown in fig. 29 

Fig. 29 vo 




The input resistance at pin 5 depends on the threshold voltage Vy at pin 4 and is typically: 
Rs = 200 Kn @ 1 .9V < Vy < 4.7V muting-off 

R5= lOn @ Rw<\/^<w nnuting-on 



Referring to the following input stage, the possible attenuation of the input signal and therefore of the 
output signal can be found using the following expression: 




^-^= 



Rg+ (- 



Rg +5 



Rs 



Rg + Rs 
where Rg = 100 Kd. 



Considering Rg = 10 Kn the attenuation in the muting-on condition is typically Aj = 60 dB. In the 
muting-off condition, the attenuation is very low, tipically 1.2 dB. 

A very low current is necessary to drive the threshold voltage Vy because the input resistance at pin 4 
is greater than 150 Kn^ The muting function can be used in many cases, when a temporary inhibition 
of the output signal is requested, for example: 

— in switch-on condition, to avoid preamplifier power-on transients (see fig. 22) 

— during switching at the input stages. 

— during the receiver tuning. 

The variable impedance capability at pin 5 can be useful in many application and two examples are 
shown in fig. 25 and 27, where it has been used to change the feedback network, obtaining 2 different 
frequency response. 
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APPLICATION SUGGESTION 

The recommended values of the external components are those shown on the application circuit of fig. 21. 
When the supply voltage Vg is less than 10V, a 100n resistor must be connected between pin 2 and pin 
3 in order to obtain the maximum output power. 
Different values can be used. The following table can help the designer. 



Component 


Raccom. 
value 


Purpose 


Larger than 
recommended value 


Smaller than 
recommended value 


Allowec 
Min. 


i range 
Max. 


Rg + Rl 


lOKn 


Input signal imped, 
for muting operation 


Increase of the atte- 
nuation in muting-on 
condition. Decrease of 
the input sensitivity. 


Decrease of the atte- 
nuation in muting 
on condition. 






R2 


lOKn 


Feedback resistors 


Increase of gain. 


Decrease of gain. 
Increase quiescent 
current. 


9R3 




R3 


lOon 


Decrease of gain. 


Increase of gain. 




1KI2 


R4 


m 


Frequency stability 


Danger of oscillation 
at high frequencies 
with inductive loads. 








R5 


10012 


Increase of the 
output swing with 
low supply voltage. 






47 


330 


Pi 


20Kri 


Volume poten- 
tiometer 


Increase of the 
switch-on noise. 


Decrease of the input 
impedance and of the 
input level. 


lOKn 


lOOKn 


Ci 

C2 
C3 


0.22 iuF 


Input DC 
decoupling. 


Higher cost 
lower noise. 


Higher low fre- 
quency cutoff. 
Higher noise 






C4 


2.2m F 


Inverting input DC 
decoupling. 


Increase of the 
switch-on noise. 


Higher low fre- 
quency cutoff. 


O.ljuF 




C5 


O.ljuF 


Supply voltage 
bypass. 




Danger of 
oscillations. 






C6 


IOmF 


Ripple rejection 


Increase of SVR 
increase of the 
switch-on time 


Degradation of SVR 


2.2 mF 


100 juF 


C7 


47iuF 


Bootstrap. 




Increase of the distor- 
tion at low fre- 
quency. 


IOmF 


lOOiuF 


Cs 


0.22mF 


Frequency stability. 




Danger of oscillation. 






C9 


1000 mF 


Output DC 
decoupling. 




Higher low fre- 
quency cutoff. 
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THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) An overload on the output (even if it is permanent), or an above limit ambient temperature can be 
easily tolerated since the Tj cannot be higher than 150°C. 

2) The heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. 

If for any reason, the junction temperature increases up to 150°C, the thermal shut-down simply 
reduces the power dissipation and the current consumption. 

The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its ther- 
mal resistance); fig. 32 shows this dissipable power as a function of ambient temperature for different 
thermal resistance. 



Fig. 30 ~ Output power and 
drain current vs. case tem- 
perature. 



Fig. 31 - Output power and 
drain current vs. case tem- 
perature 



Fig. 32 - Maximum allowa- 
ble power dissipation vs. 
ambient temperature. 
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MOUNTING INSTRUCTION 

The TDA 1905 is assembled in a new plastic package, the Powerdip, in which 8 pins (from 9 to 16) are 
attached to the frame and remove the heat produced by the chip. 

Figure 33 and 34 show two ways of heatsinking. In the first case, a PC board copper area is used as a 
heatsink I = 65 mm. while in the second case, the device is soldered to an external heatsink. 
In both examples, the thermal resistance junction-ambient is 35°C/W. 



Fig. 33 - Example of heatsink using PC 
board copper (I = 65 mm) 



Fig. 34 - Example of an external heatsink 



COPPER AREA 35>j THICKNESS 
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LINEAR INTEGRATED CIRCUIT 



8W AUDIO AMPLIFIER 

The TDA 1908 is a monolithic integrated circuit in 12 lead quad in-line plastic package intended for low 
frequency power applications. The mounting is compatible with SGS TBA 800, TBA 810S, TCA830S 
and TCA940N. Its main features are: 

— flexibility in use with a max output current of 3A and an operating supply voltage range of 4V to 
30V 

— protection against chip overtemperature 

— soft limiting in saturation conditions 

— low "switch-on" noise 

— low number of external components 

— high supply voltage rejection 

— very low noise 



ABSOLUTE MAXIMUM RATINGS 



V, 


Supply voltage 


30 


V 


lo 


Output peak current (non repetitive) 


3.5 


A 


lo 


Output peak current (repetitive) 


3 


A 


P.ot 


Power dissipation: atTg^b^ 80° C (TDA 1908) 


1 


W 




atTtab =100°C(TDA1908A) 


5 


W 


Tstg, Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 1908, TDA 1908 A 



MECHANICAL DATA 



Dimensions in mm 





TDA 1908 



TDA 1908A 



6/82 
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CONNECTION DIAGRAM 

(top view) 



SUPPLY VOLTAGE 



INVERTING INPUT 




GROUND SUB. 



NON INVERTING 
INPUT 



SCHEMATIC DIAGRAM 




70 80 
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TEST CIRCUIT 



C7n|T000/uF 



See fig. 12. 




THERMAL DATA 



TDA 1908 



TDA 1980 A 



Rth j-tab Thermal resistance junction-tab 
Rth j-amb Thermal resistance junction-amb 



max 
max 



12°C/W 
°)70°C/W 



10°C/W 
80°C/W 



(°) Obtained with tabs soldered to printed circuit board with min copper area. 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb= 25°C, Rth (heatsink)= 
8 °C/W, unless otherwise specified) 



Parameter 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 




4 




30 


V 


Vo 


Quiescent output voltage 


Vs = 4V 
Vs=18V 
Vs = 30V 


1.6 
8.2 
14.4 


2.1 
9.2 
15.5 


2.5 
10.2 
16.8 


V 


id 


Quiescent drain current 


Vs = 4V 
Vs-18V 
Vg = 30V 




15 
17.5 
21 


35 


mA 


VcEsat 


Output stage saturation voltage 
(each output transistor) 


lc=1A 
lc= 2. 5 A 




0.5 
1.3 




V 


Po 


Output power 


d = 10% f = 1 KHz 

Vs= 9V Rl.= 4n 
Vs = 14V Rl= 4ri 
Vs = 18V Rl.= 4n 
Vs = 22V Rl= 8n 
Vs = 24V R|_=16n 


7 

6.5 
4.5 


2.5 
5.5 

9 

8 
5.3 




W 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test condition 


Min. 


Typ. 


Max 


Unit 


d Harmonic distortion 


f = IKHz 

Vs = 9V R L= 4irz 

Pq = 50 mW to 1 .5W 
Vs = 18V RL=4f2 

Po = 50mWto4W 
Vs = 24V RL=16n 

Po= 50 mW to 3W 




0.1 
0.1 
0.1 




% 


Vj Input sensitivity 


Vs= 9V Rl= 4n Po=2.5W 
Vs= 14V Rl= 4a Po=5.5W 
Vs = 18V Rl= 4n Po=9W 
Vs = 22V Rl.= 8a Po=8W 
Vs = 24V Rl= 16a Po=5.3W 




37 
52 
64 
90 
110 




mV 


Vj Input saturation voltage (rms) 


Vs= 9V 
Vs= 14V 
Vs= 18V 
Vs = 24V 


0.8 
1.3 
1.8 
2.4 






V 


Rj Input resistance (pin 8) 


f = 1 KHz 


60 


100 




Ka 


Is Drain current 


f = 1 KHz 

Vs= 14V Rl= 4a Po=5.5W 
Vs-18V Rl= 4a Po=9W 
Vs = 22V Rl= 8a Po=8W 
Vs = 24V Rl= 16a Po=5.3W 




570 
730 
500 
310 




mA 


T7 Efficiency 


Vs= 18V f = 1 KHz 

RL=4a Po=9W 




72 




% 


BW Small signal bandwidth (-3 dB) 


Vs= 18V RL=4a Po= 1W 


40 to 40 000 


Hz 


Gv Voltage gain (open loop) 


f = 1 KHz 




75 




dB 


Gy Voltage gain (closed loop) 


Vs = 18V RL=4a 
f = 1 KHz Po= 1W 


39.5 


40 


40.5 


dB 


e|\| Total input noise 


Rg = 50a 
(°) Rg= IKa 

Rg = 10 Ka 




1.2 
1.3 

1.5 


4.0 


mV 


Rg = 50a 
(oo) R = IKa 
Rg = lOKa 




2.0 
2.0 
2.2 


6.0 


mV 


S/N Signal to noise ratio 


Vs = 18V 
Po= 9W 

RL=4a 


Ra= lOKa 
R^=0 (°) 




92 
94 




dB 


Rq= lOKa . . 

Rg=0 ^ ^ 




88 
90 




dB 


SVR Supply voltage rejection 


Vs = 18V RL=4a 
fripple== 100 Hz Rg= lOKa 


40 


50 




dB 


"^sd Thermal shut-down case , ,. 
temperature 


Ptot= 4W 




110 




°C 



Note: 

(° ) Weighting filter = curve A. 

(°°) Filter with noise bandwidth: 22 Hz to 22 

(*) See fig. 24 and fig. 25. 



KHz. 
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Fig. 1 - Quiescent output 
voltage vs. supply voltage 



Fig. 2 - Quiescent drain cur- 
rent vs. supply voltage 



Fig. 3 - Output power vs. 
supply voltage 
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Fig. 4 - Distortion vs. out- 
put power (Rl= 16n) 
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Fig. 5 - Distortion vs. out- 
put power (Ri_= 8n) 
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Fig. 6 - Distortion vs. out- 
put power {Rl= 4i2) 
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Fig. 7 - Distortion vs. fre- 
quency {RL=16n) 
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Fig. 8 - Distortion vs. fre- 
quency {Rl= 8n) 
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Fig. 9 - Distortion vs. fre- 
quency (Rl= 4n) 
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Fig. 10 - Open loop fre- 
quency response 
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Fig. 1 1 - Output power vs. 
input voltage 
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Fig. 12 -Values of capacitor 
Cx versus gain and B^ 
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Fig. 13 - Supply voltage 
rejection vs. voltage gain 
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Fig. 14 - Supply voltage re- 
jection vs. source resistance 
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Fig. 15 - Max power dis- 
sipation vs. supply voltage 



Ptot 
(W) 










Rl = 4il 








i, 




1 = 1KH7 






/ 


















/ 




r 






3 
2.5 












/ 


/ 
















/ 




/ 




RO 












/ 


/ 




y 






1.5 








/ 


/ 


/ 


1/ 


/ 












/y 


/ 


/ 










0.5 






/ 


k 


/ 














' 


^ 


X 















20 30 40 50 Gv(dB) 



9 12 15 16 21 2« VjCV) 



Fig. 16 - Power dissipation 
and efficiency vs. output 
power (Vs= 14V) 
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Fig. 17 - Power dissipation 
and efficiency vs. output 
power {Vs= 18V) 
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Fig. 18 - Power dissipation 
and efficiency vs. output 
power (Vs=24V) 
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APPLICATION INFORMATION 

Fig. 19 - Application circuit with bootstrap 




R4 is necessary when Vg is less than 10V. 



Fig. 20 - P.C. board and component lay-out of the circuit of fig. 19 (1:1 scale) 



gndQ 




CS- 01 28/1 
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APPLICATION INFORMATION (continued) 
Fig. 21 - Application circuit without bootstrap 



' 'S 

.► -|0.lAiF 



c^H 




Fig. 22 - Output power vs. 
supply voltage (circuit of 
fig. 21) 



f = IKHz ■ 
d > 10 V. 


/■ RL=8n 
/ / Rl-ISA 


~x-'-"¥, 
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A-^ ■ : - 


r^p^ 




i 



6 12 18 2U Vs (V) 



Fig. 23 - Position control for car headlights 
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APPLICATION SUGGESTION 

The recommended values of the external components are those shown on the application circuit of 

fig. 19. 

When the supply voltage Vg is less than 10V, a lOOi^ resistor must be connected between pin 1 and pin 4 

in order to obtain the maximum output power. 

Different values can be used. The following table can help the designer. 



Component 


Raccom. 
value 


Purpose 


Larger than 
raccomanded value 


Smaller than 
raccomanded value 


Allowed range 


Min. 


Max. 


Ri 


10 Kn 


Close loop gain 
setting. 


Increase of gain. 


Decrease of gain. 
Increase quiescent 
current. 


9R2 




R2 


loon 


Close loop gain 
setting. 


Decrease of gain. 


Increase of gain. 




Ri/9 


R3 


1 n 


Frequency stability 


Danger of oscillation 
at high frequencies 
with inductive loads. 








R4 


100 n 


Increasing of output 
swing with low Vg. 






47 n 


330n 


Ci 


2.2 mF 


Input DC 
decoupling. 


Lower noise 


Higher low fre- 
quency cutoff. 
Higher noise. 


0.1 mF 




C2 


0.1 nF 


Supply voltage 
bypass. 




Danger of 
oscillations. 






C3 


2.2 mF 


Inverting input DC 
decoupling. 


Increase of the 
switch-on noise 


Higher low fre- 
quency cutoff. 


0.1 mF 




C4 


IOmF 


Ripple Rejection. 


Increase of SVR. 
Increase of the 
switch-on time. 


Degradation of 
SVR. 


2.2 mF 


lOO^F 


Cs 


47 mF 


Bootstrap 




Increase of the 
distortion at low 
frequency 


lOjLtF 


IOOmF 


C6 


0.22 mF 


Frequency stability. 




Danger of oscillation. 






C7 


1000 mF 


Output DC 
decoupling. 




Higher low fre- 
quency cutoff. 
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THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) An overload on the output (even if it is permanent), or an above limit ambient temperature can be 
easily supported since the Tj cannot be higher than 150°C. 

2) The heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. 

If, for any reason,, the junction temperature increases up to 150°C, the thermal shut-down simply 
reduces the power dissipation and the current consumption. 

The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its ther- 
mal resistance); fig. 26 shows this dissipable power as a function of ambient temperature for different 
thermal resistance. 



Fig. 24 - Output power and 
drain current vs. case tem- 
perature 



fj,iw) r~! 




Fig. 2b - Output power and 
drain current vs. case tem- 
perature 
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Fig. 26 - Maximum power 
dissipation vs. ambient tem- 
perature 
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MOUNTING INSTRUCTIONS 

The thermal power dissipated in the circuit 
may be removed by connecting the tabs to 
an external heatsink (TDA 1908A see fig. 
27), or by soldering them to a copper area 
on the PC board (TDA 1908 see fig. 28). 
During soldering, tab temperature must not 
exceed 260°C and the soldering time must 
not be longer than 12 seconds. 



Fig. 27 
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MOUNTING INSTRUCTIONS (continued) 
Fig. 28 - Mounting exannple (IDA 1908) 
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Fig. 29 - Maxinnum power 
dissipation and thermal re- 
sistance vs. side "Si" 
(IDA 1908) 
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LINEAR INTEGRATED CIRCUIT 



TW1S10 



low AUDIO AMPLIFIER WITH MUTIMG 



-® , 



The TDA 1910 is a monolithic integrated circuit in MULTIWATT ^ package, intended for use in Hi-Fi 
audio power applications, as high quality TV sets. 

The TDA 1910 meets the DIN 45500 (d = 0.5%) guaranteed output power of 10W when used at 24V/ 
4n . At 24V/8I2 the output power is 7W min. Features: 

— muting facility 

— protection against chip over temperature 

— very low noise 

— high supply voltage rejection 

— low "switch-on" noise. 

The TDA 1910 is assembled in MULT! WATT® package that offers: 

— easy assembly 

— simple heatsink 

— space and cost saving 

— high reliability. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


30 


V 


lo 


Output peak current (non repetitive) 


3.5 


A 


lo 


Output peak current (repetitive) 


3.0 


A 


Vi 


Input voltage 


to + Vs 


V 


Vi 


Differential input voltage 


±7 


V 


Vii 


Muting thresold voltage 


Vs 


V 


Ptot 


Power dissipation at Tcase= 90°C 


20 


W 


Tstg / Tj 


Storage and junction temperature 


-40 to 150 


°c 



ORDERING NUMBER: TDA 1910 
MECHANICAL DATA 



Dimensions in mm 
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CONNECTIOIM DIAGRAM (Top view) 



tab connected to pin 6 



^3 THRESHOLD 




SCHEMATIC DIAGRAM 




aoonHR 
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1 3!"3 L 
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TEST CIRCUIT 




iC>— I, 



CTj] 12200 ajF 



H\ 



^^^ SC3 113.3 p i 1820 fl 



R3 

in 



CAUl2.2iuF 



;--Cx 



100 n 

R2 



4l"^ 



0.22yuF 
SC6 



(*) See fig. 13. 



MUTING CIRCUIT 
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THERMAL DATA 



Thermal resistance junction-case 



°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb= 25°C, Rth (heatsink) = 
4°C/W, unless otherwise specified) 



Parameter 


Test condition 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




8 




30 


V 


Vq Quiescent output voltage 


Vs= 18V 
Vs = 24V 


8.3 
11.5 


9.2 
12.4 


10 
13.4 


V 


Id Quiescent drain current 


Vs= 18V 
Vs = 24V 




19 
21 


32 
35 


nnA 


VcE sat Output stage saturation voltage 


lc=2A 




1 




V 


lc=3A 




1.6 




Pq Qutput power 


d = 0.5% f = 40 to 1 5,000Hz 
Vs=18V RL=4n 
Vs=24V RL=4n 
Vs = 24V RL=8n 


6.5 
10 
7 


7 

12 
7.5 




W 


d = 10% f = 1 KHz 
Vs = 18V RL=4r2 
Vs = 24V RL=4n 
Vs = 24V RL=8n 


8.5 
15 
9 


9.5 
17 
10 




W 


d Harmonic distortion 


f = 40to 15.000 Hz 
Vs=18V RL=4n 

Po= 50 mW to 6.5W 
Vs=24V RL=4n 

Po=50mWto low 
Vs = 24V RL=8n 

Po= 50 mW to 7W 




0.2 
0.2 
0.2 


0.5 
0.5 
0.5 


% 


d Intermodulation distortion 


Vs = 24V RL=4f2 Po= 10W 
fl=250Hz f2=8KHz 

(DIN 45500) 




0.2 




% 


Vj Input sensitivity 


f = 1 KHz 

Vs= 18V RL=4n Po= 7W 
Vs = 24V RL=4r2 Po= 12W 
Vs = 24V RL=8n Po=7.5W 




170 
220 
245 




mV 


Vj Input saturation voltage (rnns) 


Vs=18V 
Vs = 24V 


1.8 
2.4 






V 


Rj Input resistance (pin 5) 


f = 1 KHz 


60 


100 




K12 


1(1 Drain current 


Vs = 24V f = 1 KHz 

RL=4n Po= 12W 
Rl=80 Po=7.5W 




820 
475 




mA 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test condition 


Min. 


Typ. 


Max. 


Unit 


77 Efficiency 


Vs = 24V f = 1 KHz 

R|_=4n Po= 12W 
Rl=812 Po=7.5W 




62 
65 




% 


BW Small signal bandwidth 


Vs=24V R^=4a Po=1W 


10 to 120,000 


Hz 


BW Power bandwidth 


Vs = 24V RL=4n 
Po=12W d<0.5% 


40 to 15,000 


Hz 


G^ Voltage gain (open loop) 


f = 1 KHz 




75 




dB 


Gy Voltage gain (closed loop) 


Vs=24V RL=4i^ 
f = 1 KHz Po= 1W 


29.5 


30 


30.5 


dB 


e^ Total input noise 


Rg = 50^2 

Rg= 1K12 (0) 

Rg= lOKIl 




1.2 
1.3 
1.5 


3.0 
3.2 
4.0 


mV 


Rg = 50a 

Rg= IKn (°°) 

Rg= lOKn 




2.0 
2.0 
2.2 


5.0 
5.2 
6.0 


mV 


S/N Signal to noise ratio 


Vs = 24V 
Po=12W 
RL=4n 


Rg= lOKn 
Rg = ^°' 


97 


103 
105 




dB 


Rg= lOKn . . 
Rg=0 ^ ' 


93 


100 
100 




dB 


SVR Supply voltage rejection 


Vs=24V R|_=4n 
fripple= 100 Hz Rg=10Ki7 


50 


60 




dB 


Tsd Thermal shut-down case /^,v 
temperature 


Ptot=8W 


110 


125 




°C 



MUTING FUNCTION (Refer to Muting circuit) 



V-p Muting-off threshold voltage 
(pin 11) 




1.9 




4.7 


V 


Vy Muting-on threshold voltage 
(pin 11) 









1.3 


V 


6 




Vs 


Rl Input resistance (pin 1) 


Muting off 


80 


200 




Ka 


Muting on 




10 


30 


n 


R^l Input resistance (pin 11) 




150 






Kft 


A-p Muting attenuation 


Rg + Rl= 10 Kn 


50 


60 




dB 



Note: 

(°) Weighting filter = curve A. 

(°°) Filter with noise bandwidth: 22 Hz to 22 KHz. 

(*) See fig. 29 and fig. 30. 
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Fig. 1 ~ Quiescent output 
voltage vs. supply voltage 
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Fig. 2 - Quiescent drain 
current vs. supply voltage 
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Fig. 3 -Open loop frequency 
response 
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Fig. 4 - Output power vs. 
supply voltage 
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Fig. 5 - Output power vs. 
supply voltage 
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Fig. 6 - Distortion vs. 
output power 
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Fig. 7 - Distortion vs. 
output power 
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Fig. 8 - Output power vs. 
frequency 
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Fig. 9 - Output power vs. 
frequency 
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Fig. 10 - Output power vs. 
input voltage 
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Fig. 11 - Output power vs. 
input voltage 
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Fig. 12 - Total input noise 
vs. source resistance 
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Fig. 13 - Values of capaci- 
tor Cx vs. bandwidth (BW) 
and gain (Gv) 
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Fig. 14 - Supply voltage re- 
jection vs. voltage gain 
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Fig. 15 - Supply voltage re- 
jection vs. source resitance 
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Fig. 16 - Power dissipation 
and efficiency vs. output 



Fig. 17 - Power dissipation 
and efficiency vs. output 



Fig. 18 - Max power dissi- 
pation vs. supply voltage 





power 




















power 














-36B0 






















G 


-3675 


Ptot 
(W) 


— 


Vs=2AV 
trIKHz 
RL=8n 
















a 
(•/.) 

80 
60 
AO 
20 

n 


(W) 
8 

6 

A 

2 




Vs=2AV 
t=1KHz 
RL=Ail 
















a 
(•/.) 

80 
60 
AO 
20 



(W) 
lA 
10 
6 
2 
















































































/^ 














/ 








"^ 


h^ 


_ ^tot 
























6 








A 


\ 














/ 










^ 


< 






























/ 
















I 








y 


^ 






























A 




</ 


/ 
















/ 




/ 


y 


























/Rl=aa 




/ 


7 








"■tol 












/ 


/ 


























/ 


• 




2 






















/ 


/ 


























/ 




/Rl=8A 




1 




















/ 


























y 


y 


y 
























































^ 


\^ 















16 Po(W) 



12 16 Po(W) 



2A 32 Vs(V) 



609 



TDA1910 



APPLICATION INFORMATION 

Fig. 19 ~ Application circuit without muting 



Fig. 20 - PC board and component lay-out of the 
circuit of fig. 1 9 ( 1 : 1 scale) 





ViO 



♦ VsO 



Ri O 



TDA1910 



Or. ' 



^ R3 




Fig. 21 - Application circuit with muting 




Performance (circuits of fig. 19 and 21 ) 
Po = 12W (40 to 15000 Hz, d <0.5% ) 
Vs = 24V 
id = 0.82A 
G„=30dB 
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APPLICATION INFORMATION (continued) 

Fig. 22 - Two position DC tone control (10 dB boost 50 Hz and 
20 KHz) using change of pin 1 resistance (muting function) 

-OVs = *2AV 




Fig. 23 - Frequency re- 
sponse of the circuit of 
fig. 22 
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Fig. 24 - 10 dB 50 Hz boost tone control using change of pin 1 
resistance (nnuting function) 

-OVs = >2AV 




Fig. 25 - Frequency re- 
sponse of the circuit of 
fig. 24 
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Fig. 26 - Squelch function in TV applications Fig. 27 - Delayed muting circuit 
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MUTING FUNCTION 

The output signal can be inhibited applying a DC voltage Vy to pin 11, as shown in fig. 28 



Fig. 28 




The input resistance at pin 1 depends on the threshold voltage Vy at pin 1 1 and is typically. 
R 1 = 200 Ki2 @ 1 .9V < Vy < 4.7V nnuting-off 

Ri = 10^2 @ ^w-^w'^w"" nnuting-on 



OV < Vy < 1 .3V 

6V<Vy<Vs 



Referring to the following input stage, the possible attenuation of the input signal and therefore of the 
output signal can be found using the following expression. 



HP 




A^ = -^ = ^9 + R5//R1 



where R5 ~ 100 Kn 



Considering Rg= 10 Ka the attenuation in the muting-on condition is typically Ay= 60 dB. In the 
muting-off condition, the attenuation is very low, typically 1.2 dB. 

A very low current is necessary to drive the threshold voltage Vy because the input resistance at pin 1 1 
is greater than 150 Kn. The muting function cart be used in nnany cases, when a temporary inhibition 
of the output signal is requested, for example: 

— in switch-on condition, to avoid preamplifier power-on transients (see fig. 27) 

— during commutations at the input stages. 

— during the receiver tuning. 

The variable impedance capability at pin 1 can be useful in many applications and we have shown 2 
examples in fig. 22 and 24, where it has been used to change the feedback network, obtaining 2 different 
frequency responses. 
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APPLICATION SUGGESTION 

The recommended values of the components are those shown on application circuit of fig. 21. Different 

values can be used. 

The following table can help the designer. 



Component 


Recomm. 
value 


Purpose 


Larger than 
recommended value 


Smaller than 
recommended value 


A Howe 
Min. 


d range 
Max. 


Rg+Rl 


lOKn 


Input signal imped, 
for muting operation 


Increase of the atte- 
nuation in muting-on 
condition. Decrease of 
the input sensitivity. 


Decrease of the atte- 
nuation in muting 
on condition. 






R2 


3.3Kr2 


Close loop gain 
setting. 


Increase of gain. 


Decrease of gain. 
Increase quiescent 
current. 


9R3 




R3 


loon 


Close loop gain 
setting. 


Decrease of gain. 


Increase of gain. 




R2/9 


R4 


112 


Frequency stability 


Danger of oscillation 
at high frequencies 
with inductive loads. 








Pi 


20 Kn 


Volume poten- 
tiometer. 


Increase of the 
switch-on noise. 


Decrease of the input 
impedance and the 
input level. 


lOKn 


lOOKn 


Ci 

C2 
C3 


1 mF 

l/xF 
0.22 mF 


Input DC 
decoupling. 




Higher low fre- 
quency cutoff. 






C4 


2.2 mF 


Inverting input DC 
decoupling. 


Increase of the 
switch-on noise. 


Higher low fre- 
quency cutoff. 


0.1 juF 




C5 


0.1 mF 


Supply voltage 
bypass. 




Danger of 
oscillations. 






Ce 


IOmF 


Ripple Rejection. 


Increase of SVR. 
1 ncrease of the 
switch-on time. 


Degradation of 
SVR. 


2.2 juF 

• 


100 mF 


C7 


47 ^F 


Bootstrap. 




Increase of the distor- 
tion at low fre- 
quency. 


10 /uF 


100 juF 


Cs 


0.22 juF 


Frequency stability. 




Danger of oscillation. 






C9 


2200 )uF 
(RL=4n) 
1000 AiF 
(RL=8n) 


Output DC 
decoupling. 




Higher low fre- 
quency cutoff. 
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THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) An overload on the output (even if it is permanent), or an above limit ambient temperature can be 
easily supported since the Tj cannot be higher than 150°C. 

2) The heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. 

If for any reason, the junction temperature increases up to 150°C, the thermal shut-down simply 
reduces the power dissipation and the current consumption. 

The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its ther- 
mal resistance); fig. 31 shows this dissipable power as a function of ambient temperature for different 
thermal resistance. 



Fig. 29 - Output power and 
drain current vs. case ter 
perature 
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Fig. 30 - Output power and 
drain current vs. case tem- 
perature 
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Fig. 31 - Maximum allow- 
able power dissipation vs. 
ambient temperature 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsink. 
Thanks to the Multiwatt® package attaching the heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink and the package it is better to insert a layer of silicon 
grease, to optimize the thermal contact; no electrical isolation is needed between the two surfaces.. 

Fig. 34 - Mounting examples 
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LINEAR INTEGRATED CIRCUIT 



8W CAR RADIO AUDIO AMPLIFIER 



.® 



The TDA 2002 is a class B audio power amplifier in Pentawatt^ package designed for driving low im- 
pedance loads (down to 1.6n). The device provides a high output current capability (up to 3.5A), very 
low harmonic and cross-over distortion. In addition, the device offers the following features: 

— very low number of external components 

— assembly ease, due to Pentawatt® power package with no electrical insulation requirement 

— space and cost saving 

— high reliability 

— flexibility in use 

— complete safety during operation due to protection against: 

a) short circuit; b) thermal over range; c) fortuitous open ground; d) polarity inversion (Vg max= 12V); 
e) load dump voltage surge. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Peak supply voltage (50 ms) 


40 


V 


Vs 


DC supply voltage 


28 


V 


Vs 


Operating supply voltage 


18 


V 


lo 


Output peak current (repetitive) 


3.5 


A 


lo 


Output peak current (non repetitive) 


4.5 


A 


Ptot 


Power dissipation at Tcase= 90°C 


15 


W 


Tstg,Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 2002 H 
TDA 2002 V 



MECHANICAL DATA 



Dimensions in mm 



W 



li •" 




r^ 


♦ 3.75^3.85 


IT 




fC 


:^ 


- „ „( — ** 




ii^ 








gitttn 






15.8 


max 






version H 




version V 



6/82 
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CONNECTION DIAGRAM 

(top view) 




> SUPPLY VOLTAGE 

> OUTPUT 
GROUND 

> INVERTING INPUT 

> NON INVERTING INPUT 



SCHEMATIC DIAGRAM 




DC TEST CIRCUIT 



AC TEST CIRCUIT 



luuni- 





Rx = 20-R2 ; Cx 
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THERMAL DATA 



Rth j-case Thermal resistance junction-case 



°C/W 



ELECTRICAL CHARACTERISTICS (V^^ 14.4V, 1^^^,= 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



DC CHARACTERISTICS (Refer to DC test circuit) 



Vg Supply voltage 




8 




18 


V 


Vq Quiescent output voltage (pin 4) 




6.4 


7.2 


8 


V 


Icj Quiescent drain current (pin 5) 






45 


80 


mA 



AC CHARACTERISTICS (Refer to AC test circuit, G^= 40 dB) 



Pq Output power 


d = 10% f=1kHz 
RL=4n 
Rl=212 

Vs= 16V 

RL=2n 


4.8 
7 


5.2 
8 

6.5 
10 




W 
W 

W 
W 


Vj (rms) Input saturation voltage 




600 






mV 


Vj input sensitivity 


f = 1 kHz 
Po = 0.5W RL=4n 
Po = 0.5W RL=2r2 
Po = 5.2W RL=4n 
Po=8W RL=2n 




15 
11 
55 
50 




mV 
mV 
mV 
mV 


B Frequency response 
(-3 dB) 


RL=4f2 Po= 1W 


40 to 15 000 


Hz 


d Distortion 


f = 1 kHz 
Po = 0.05to3.5W RL=4n 
Po = 0.05to5W RL=2n 




0.2 
0.2 




% 
% 


Rj Input resistance (pin 1) 


f = 1 kHz 


70 


150 




kn 


Gv Voltage gain (open loop) 


Rl_=4fl f = 1 kHz 




80 




dB 


Gv Voltage gain (closed loop) 


RL=4n f = 1 kHz 


39.5 


40 


40.5 


dB 


efvj Input noise voltage (*) 






4 




juV 


i^ Input noise current (*) 




60 




pA 


rj Efficiency 


f = 1 kHz 
Po = 5.2W RL=4a 
Po = 8W RL=2i7 




68 
58 




% 
% 


SVR Supply voltage rejection 


RL=4r2 
Rg= 10 kn 
fripple=100Hz 


30 


35 




dB 



*) Filter with noise bandwidth: 22 Hz to 22 KHz. 
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Fig. 1 - Quiescent output 
voltage vs. supply voltage 
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Fig. 2 - Quiescent drain cur- 
rent vs. supply voltage 
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Fig. 3 - Output power vs. 
supply voltage 
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Fig. 4 - Output power vs. 
load resistance Rl 
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Fig. 5 - Input voltage vs. Fig. 6 - Input voltage vs. 

voltage gain (Rl= 4n) vpltage gain (Rl= 2f2) 
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Fig. 9 -Supply voltage rejec- 
tion vs. voltage gain 
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Fig. 10 - Supply voltage 
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Fig. 11 - Power dissipation 
and efficiency vs. output 
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Fig. 12 - Power dissipation 
and efficiency vs. output 
power(RL.= 2^) 
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Fig. 13 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 
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Fig. 14 -Maximim allowable 
power dissipation vs. am- 
bient temperature 
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Fig. 15 - Values of capacitor 
(Cx) for different values of 
frequency response (B) 
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APPLICATION INFORMATION 

Fig, 16 - Application circuit 



-0*Vs 



Fig. 17 - P.C. board and component layout for the circuit 
of fig. 16(1:1 scale) 
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LOAD DUMP VOLTAGE SURGE PROTECTION 

The TDA 2002 has a circuit which enables it to withstand a 
voltage pulse train, on pin 5, of the type shown in fig. 18. 
If the supply voltage peaks to more than 40V, then an LC 
filter must be inserted between the supply and pin 5, in order 
to assure that the pulses at pin 5 will be held within the limits 
shown in fig. 18. 

A suggested LC network is shown in fig. 19. With this net- 
work, a train of pulses with amplitude up to 120V and width 
of 2 ms can be applied at point A. This type of protection is 
ON when the supply voltage (pulsed or DC) exceeds 18V. 
For this reason the maximum operating supply voltage is 18V. 



Fig. 18 




Fig. 19 



THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) an overload on the output (even if it is permanent), or an excessive ambient temperature can be easily 
withstood 

2) the heat-sink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no device damage in the case of excessive junction temperature: all that happens is that Pq (and 
therefore P^ot) and 1^ are reduced (figs. 20 and 21) 



Fig. 20 - Output power and 
drain current vs. case tem- 
perature (R|_= 4n) 
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Fig. 21 - Output power and 
drain current vs. case tem- 



perature ( 


RL=2n) 
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PRACTICAL CONSIDERATIONS 

Printed circuit board 

The layout shown in fig. 17 is reconnmended. If different layouts are used, the ground points of input 1 
and input 2 nnust be well decoupled from the ground of the output through which a rather high current 
flows. 

Assembly suggestion 

No electrical insulation is needed between the package and the heat-sink. Pin length should be as short 
as possible. The soldering temperature must not exceed 260°C for 12 seconds. 

Application suggestions 

The recommended component values are those shown in the application circuits of fig. 16. Different 
values can be used. The following table is intended to aid the car-radio designer. 



Component 


Recommended 
value 


Purpose 


Larger than 
recommended value 


Smaller than 
recommended value 


CI 


2.2 mF 


Input DC 
decoupling 




Noise at switch-on, 
switch-off 


C2 


470 mF 


Ripple rejection 




Degradation of SVR 


C3 


0.1 juF 


Supply bypassing 




Danger of oscillation 


C4 


IOOOmF 


Output coupling 
to load 




Higher low frequency 
cutoff 


C5 


0.1 juF 


Frequency stability 




Danger of oscillation 
at high frequencies 
with Inductive loads 


Cx 


1 


Upper frequency 
cutoff 


Lower bandwidth 


Larger bandwidth 


27rB R1 


R1 


(Gv-1) • R2 


Setting of gain 




Increase of drain 
current 


R2 


2.2 i^ 


Setting of gain and 
SVR 


Degradation of SVR 




R3 


1 12 


Frequency stability 


Danger of oscillation 
at high frequencies 
with inductive loads 




Rx 


s 20 R2 


Upper frequency 
cutoff 


Poor high frequency 
attenuation 


Danger of oscillation 
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LINEAR INTEGRATED CIRCUIT 



10W CAR RADIO AUDIO AMPLIFIER 

The TDA 2003 has improved performance with the same pin configuration as the TDA 2002. The ad- 
ditional features of TDA 2002, very low number of external components, ease of assembly, space and 
cost saving, are maintained. 

The device provides a high output current capability (up to 3.5A) very low harmonic and cross-over 
distortion. 

Completely safe operation is guaranteed due to protection against DC and AC short circuit between all 
pins and ground, thermal over-range, load dump voltage surge up to 40V, polarity inversion and fortu- 
itous open ground. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Peak supply voltage (50 ms) 


40 


V 


Vs 


DC supply voltage 


28 


V 


Vs 


Operating supply voltage 


18 


V 


lo 


Output peak current (repetitive) 


3.5 


A 


lo 


Output peak current (non repetitive) 


4.5 


A 


Ptot 


Power dissipation at Tease- 90°C 


20 


W 


Tstg/Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 2003H 
TDA 2003V 



MECHANICAL DATA 
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CONNECTION DIAGRAM 

(top view) 
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SCHEMATIC DIAGRAM 
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THERMAL DATA 



Rth j-case Thermal resistance junction-case 



max 3 °C/W 
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DC TEST CIRCUIT 




O + Vs 



AC TEST CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Vs= 14.4V, Tamb= 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



DC CHARACTERISTICS (Refer to DC test circuit) 



Vg Supply voltage 




8 




18 


V 


Vq Quiescent output voltage (pin 4) 




6.1 


6.9 


7.7 


V 


Id Quiescent drain current (pin 5) 






44 


50 


mA 



AC CHARACTERISTICS (Refer to AC 


test circuit. 


Gv=40dB) 










Pq Output power 


d = 1 0% 














f = 1 kHz 


RL=4n 


5.5 


6 




W 






RLs2n 


9 


10 




W 






R|_=3.2n 




7.5 




W 






RL=1.6n 




12 




W 


Vi{rms) Input saturation voltage 




300 






mV 


Vj Input sensitivity 


f = 1 kHz 














Po = 0.5W 


RL=4n 




14 




nnV 




Po = 6W 


RL=4n 




55 




mV 




Po = 0.5W 


RL=2n 




10 




mV 




Po = 10W 


RL=2n 




50 




mV 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


B Frequency response (-3 dB) 


Po=1W 
RL=4f2 


40 to 1 5,000 


Hz 


d Distortion 


f = 1 kHz 

Po= 0.05 to 4.5W RL=4n 

Po= 0.05 to 7.5W RL=2n 




0.15 
0.15 




% 
% 


Rj Input resistance (pin 1 ) 


f = 1 kHz 


70 


150 




kfl 


Gy - Voltage gain (open loop) 


f = 1 kHz 
f =10 kHz 




80 
60 




dB 
dB 


Gy Voltage gain (closed loop) 


f =1 kHz 
RL=4n 


39.5 


40 


40.5 


dB 


On Input noise voltage (0) 






1 


5 


mV 


i|vj Input noise current (0) 




60 


200 


pA 


17 Efficiency 


f = 1 kHz 

Po=6W Rl=4I2 

Po= 1 0W R L= 2n 




69 
65 


' 


% 
% 


SVR Supply voltage re}ection 


f = 100 Hz 
V,ipp,e= 0.5V 
Rg-10kn RL=4n 


30 


36 




dB 



(0) Filter with noise bandwidth: 22 Hz to 22 kHz 



Fig. 1 - Quiescent output 
voltage vs. supply voltage 



Fig. 2 - Quiescent drain cur- 
rent vs. supply voltage 



Fig. 3 - Output power vs. 
supply voltage 



~ 


n 








n 


n 




~ 


n 






P 


~ 


— 




p 


p 


n 




(mA) 
80 

60 

AO 

20 




~ 


~ 


p 


P 


p 


— 


p 


p 


p 


p 


p 


p 


p 


p 


p 


p 


p 


p 




p 


(W) 
15 

10 

5 


p 


p 


p 


1 1 1 


p 


p 


p 




rn 


n 


^ 


p 


\-Y 




p 
























































































I I I 














































































































Gv .40dB 
f =1kHz 
d=10*/. 




















.6/1 






































.^ 






































































/ 






































• 










































































/ 


































^ 




















































































/ 


































^ 






















































































/ 




2il 






















^ 


>^ 
























































































y 




/ 




















^ 
































































































/ 


















J 
































































































/ 


/ 




/ 


3.2/1 










^ 


^ 


































































































1^ 








i 






^ 


















































— 


_. 


_- < 








^ 


■ 






































A 


/ 




/ 


, 


/.A 












































■" 


— 








"1 




















































/ 


/ 




/ 


^ 














































































































/ 


\/ 




^ 




' 












































































































k' 


V 




/ 


/ 
















































































































^J 






/ 












































































































, 




/^ 


3 






















































































































J^ 


^ 






















































































































* 
























L_ 


_ 


^ 




L_ 


_j 






1— 


_ 






U 


_ 


_ 






_ 






L 


_ 


L_ 


L_ 


I— 




l_ 


L_ 


__ 


_ 






_ 


J 


^ 




u 


L- 




LJ 


_ 




_ 


_ 


L_ 




_ 


_ 


_ 


_ 




_j 


_ 








_ 


_ 


_ 


_ 



8 10 12 



10 12 U 16 Vs(V) 



626 



Fig. 4 - Output power vs. 
load resistance R. 
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Fig. 5 - Gain vs. input sen- 
sitivity 
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Fig. 6 - Gain vs. input sen- 
sitivity 
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Fig. 7 - Distortion vs. out- 
put power 
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Fig. 8 - Distortion vs. fre- 
quency 
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Fig. 9 - Supply voltage rejec- 
tion vs. voltage gain 
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Fig. 10 - Supply voltage 
rejection vs. frequency 
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Fig. 11 - Power dissipation 
and efficiency vs. output 
power (R|_= 4r2) 
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Fig. 12 - Power dissipation 
and efficiency vs. output 
power (R. =2^2) 
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Fig. 13 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 
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Fig. 1 4 - Maximum allowable 
power dissipation vs. am- 
bient temperature 
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Fig. 15 - Typical values of 
capacitor (Cx) for different 
values of frequency response 
(B) 
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APPLICATION INFORMATION 

Fig. 16 -Typical application 
circuit 




Fig. 17 - P.C. board and component layout for the 
circuit of fig. 16(1:1 scale) 

CS- 0095/3 



= 20-R2 ; C; 




Fig. 18 - 20W bridge configura- 
tion application circuit (*) 




(*) The values of the capacitors 
C3 and C4 are different to op- 
timize the SVR (Typ.= 40 dB) 



Fig. 19 - P.C. board and component layout for the 
circuit of fig. 18 (1:1 scale) 
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APPLICATION INFORMATION (continued) 



Fig. 20 - Low cost bridge 
configuration application cir- 
cuit r) (Po= 18W) 




(*) In this application the device can 
support a short circuit between every 
side of the loudspeaker and ground. 



Fig. 21 - P.C. board and component layout for the 
circuit of fig. 20(1:1 scale) 
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Fig. 22 - P.C. board and component layout for the low-cost bridge amplifier of fig. 20, in stereo version 
(1:1 scale) 
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BUILT-IN PROTECTION SYSTEMS 

Load dump voltage surge 

The TDA 2003 has a circuit which enables it to withstand a voltage pulse train, on pin 5, of the type 
shown in fig. 23. 

If the supply voltage peaks to more than 40V, then an LC filter must be inserted between the supply 
and pin 5, in order to assure that the pulses at pin 5 will be held within the limits shown in fig. 23. 
A suggested LC network is shown in fig. 24. With this network, a train of pulses with amplitude up to 
120V and width of 2 ms can be applied at point A. This type of protection is ON when the supply 
voltage (pulsed or DC) exceeds 18V. For this reason the maximum operating supply voltage is 18V. 
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Fig. 23 




Fig. 24 




Short-circuit (AC and DC conditions) 

The TDA 2003 can withstand a permanent short-circuit on the output for a supply voltage up to 16V. 

Polarity inversion 

High current (up to 5A) can be handled by the device with no damage for a longer period than the 
blow-out time of a quick 1 A fuse (normally connected in series with the supply). 

This feature is added to avoid destruction if, during fitting to the car, a mistake on the connection of 
the supply is made. 

Open ground 

When the radio is in the ON condition and the ground is accidentally opened, a standard audio amplifier 
will be damaged. On the TDA 2003 protection diodes are included to avoid any damage. 

Inductive load 

A protection diode is provided between pin 4 and 5 (see the internal schematic diagram) to allow use of 

the TDA 2003 with inductive loads. 

In particular, the TDA 2003 can drive a coupling transformer for audio modulation. 

DC voltage 

The maximum operating DC voltage on the TDA 2003 is 18V. 

However the device can withstand a DC voltage up to 28V with no damage. This could occur during 

winter if two batteries were series connected to crank the engine. 

Thermal shut-down 

The presence of a thermal limiting circuit offers the following advantages: 

1) an overload on the output (even if it is permanent), or an excessive ambient temperature can be easily 
withstood. 

2) the heat-sink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no device damage in the case of excessive junction temperature: all that happens is that Pq (and 
therefore Ptot) and Id are reduced (figs. 25 and 26). 



Fig. 25 - Output power and 
drain current vs. case tem- 
perature (Rl = 4 n) 
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Fig. 26 - Output power and 
drain current vs. case tem- 
perature (Rl = 2fi) 
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PRATICAL CONSIDERATIONS 

Printed circuit board 

The layout shown in fig. 17 is recomnn ended. If different layouts are used, the ground points of input 1 
and input 2 must be well decoupled from the ground of the output through which a rather high current 
flows. 

Assembly suggestion 

No electrical insulation is required between the package and the heat-sink. Pin length should be as short 
as possible. The soldering temperature must not exceed 260° C for 12 seconds. 

Application suggestions 

The recommended component values are those shown in the application circuits of fig. 16. Different 
values can be used. The following table is intended to aid the car-radio designer. 



Component 


Recommended 
value 


Purpose 


Larger than 
recommended value 


Smaller than 
recommended value 


CI 


2.2 mF 


Input DC 
decoupling 




Noise at switch-on, 
switch-off 


C2 


470 juF 


Ripple rejection 




Degradation of SVR 


C3 


0.1 iuF 


Supply bypassing 




Danger of oscillation 


C4 


1000 mF 


Output coupling to 
load 




Higher low frequency 
cutoff 


C5 


0.1 mF 


Frequency stability 




Danger of oscillation at 
high frequencies with 
inductive loads 


Cx 


^ 1 


Upper frequency 
cutoff 


Lower bandwidth 


Larger bandwidth 


27r B R1 


R1 


(G^-D • R2 


Setting of gain 




Increase of drain current 


R2 


2.2 n 


Setting of gain and 
SVR 


Degradation of SVR 




R3 


1 n 


Frequency stability 


Danger of oscillation at 
high frequencies with 
inductive loads 




Rx 


= 20 R2 


Upper frequency 
cutoff 


Poor high frequency 
attenuation 


Danger of oscillation 
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LINEAR INTEGRATED CIRCUIT 



10 + low STEREO AMPLIFIER FOR CAR RADIO 

The TDA 2004 is a class B dual audio power amplifier in ML) LTIWATT® package specifically designed 
for car radio applications: stereo amplifiers are easily designed using this device that provides a high 
current capability (up to 3.5A) and that can drive very low impedance loads (down to 1 .6n ). 
Its main features are: 

Low distortion. 

Low noise. 

High reliability of the chip and of the package with additional complete safety during operation thanks 

to protections against: 

— output AC short circuit to ground 

— very inductive loads 

— overrating chip temperature 

— load dump voltage surge 

— fortuitous open ground 

— polarity inversion 

Space and cost saving: very low number of external components, very simple mounting system with no 
electrical isolation between the package and the heatsink (one screw only). 

ABSOLUTE MAXIMUM RATINGS 



Vs Operating supply voltage 

Vg DC supply voltage 

Vg Peak supply voltage (for 50 ms) 

Iq (*) Output peak current (non repetitive t = 0.1 ms) 

Iq (*) Output peak current (repetitive f > 10 Hz) 

Ptot Power dissipation at Tease — 60 °C 

Tj, Tstg Storage and junction temperature 



18 


V 


28 


V 


40 


V 


4.5 


A 


3.5 


A 


30 


W 


-40 to 150 


°C 



(*) The max. output current is internally limited. 
ORDERING NUMBER: TDA 2004 
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CONNECTION DIAGRAM 

(top view) 




BOOTSTRAP 1 
^ OUTPUT 1 

+ Vs 

OUTPUT 2 

BOOTSTRAP 2 

GND 

INPUT+(2) 
:? INPUT-(2) 

SVRR 
:3 INPUT-d) 

INPUT+(1) 



Tab connected to pin 6 



SCHEMATIC DIAGRAM 




0© 



THERMAL DATA 



^th j-case 



Thermal resistance junction-case 



max 3 °C/W 



633 



TOA2004 



Fig. 1 - Test and application circuit 
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Fig. 2 - PC board and components layout {scale 1:1) 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Ta^b^ 25°C, G^= 50 dB, 

Rth (heatsink) ~ 4°C/W, unless Otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


V5 Supply voltage 




8 




18 


V 


Vq Quiescent output voltage 


Vs= 14.4V 
Vs= 13.2V 


6.6 

5.0 


7.2 
6.6 


7.8 
7.2 


V 
V 


l(j Total quiescent drain current 


Vs= 14.4V 
Vs= 13.2V 




65 
62 


120 
120 


mA 
vnA 


IsB Stand-by current 


Pin 3 grounded 




5 




mA 


pQ Output power (each channel) 


f = 1 KHz d= 10% 

Vs= 14.4V 

Rl=412 
Rl= 3.212 
RL=2n 
R L= 1 .612 

Vs- 13.2V 

Rl= 3.212 
Rl= 1.6n 

Vs= 16V 

Rl=2 12 


6 

7 
9 
10 

6 
9 


6.5 
8 

10(*) 
11 

6.5 
10 

12 




W 
W 
W 
W 

W 
W 

W 


d Distortion (each channel) 


f= 1 KHz 

Vs= 14.4V Rl=412 

Po= 50 mW to 4W 

Vs= 14.4V Rl=212 

Po= 50 mW to 6W 

Vs = 13.2V Rl= 3.212 

Po= 50 mW to 3W 

Vs= 13.2V Rl=1.61^ 

Po= 50 mW to 6W 




0.2 
0.3 
0.2 
0.3 


1 
1 
1 
1 


% 
% 
% 
% 


CT Cross talk 


V5= 14.4V 

Vo=4V,n^s Rl=412 
f = 1 KHz 
f = 10 KHz 


50 
40 


60 
45 




dB 
dB 


Vj Input sensitivity 


f = 1 KHz 
Po = 1W 
Rl=412 
Rl= 3.212 




6 

5.5 




mV 
mV 


Vj Input saturation voltage 




300 






mV 


Rj Input resistance (non inverting 
input) 


f = 1 KHz 


70 


200 




K12 


Rj Input resistance (inverting input) 


f = 1 KHz 




10 




K12 


f L Low frequency roll off (-3 dB) 


Rl=412 
Rl=212 
Rl= 3.212 
Rl= 1.612 






35 
50 
40 
55 


Hz 
Hz 
Hz 
Hz 


f|_l High frequency roll off (-3 dB) 


Rl=412 
RL=2i7 
Rl= 3.212 

Rl= i.6n 


15 
15 
15 
15 






KHz 
KHz 
KHz 
KHz 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Gv 


Voltage gain (open loop) 


f = 1 KHz 




90 




dB 


Gv 


Voltage gain (closed loop) 


f = 1 KHz 


48 


50 


51 


dB 


Closed loop gain matching 






0.5 




dB 


sn 


Total input noise voltage 


Rg= 10Kn(°) 




1.5 


5 


mV 


SVR 


Supply voltage rejection 


frippie= 100 Hz Rg= 10 K^ 
C3=10mF V„pp,e=0.5V,^3 


35 


45 




dB 


ri 


Efficiency 


Vs = 14.4V f = 1 KHz 
RL=4n Po=6.5W 
RL=2n Po=10W 
Vs= 13.2V f = 1 KHz 
RL=3.2n Po=6.5W 
RL=1.6n Po=10W 




70 
60 

70 
60 




% 
% 

% 
% 


Tsd 


Thermal shut down case 
temperature 


Vs= 14.4V RL.= 4n 
f = 1 KHz 
Ptot= 5.5W 


125 


135 




°C 



(*) 9.3W without bootstrap. . 

(°) Bandwidth filter: 22 Hz to 22 KHz. 

Fig. 3 - Quiescent output 
voltage vs. supply voltage 



Fig. 4 - Quiescent drain 
current vs. supply voltage 



Fig. 5 - Distortion vs. 
put power 
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supply voltage ^ ^300 
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Fig. 7 - Output power vs, 
supply voltage g.asoi 



Fig. 8 - Distortion vs. fre- 
quency G A 
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Fig. 9 - Distortion vs. fre- 
quency 
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Fig. 10 - Supply voltage 
rejection vs. C3 
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Fig. 1 1 - Supply voltage 
rejection vs. frequency 
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Fig. 12 - Supply voltage 
rejection vs. values of ca- 
pacitors C2 and C3 
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Fig. 13 - Supply voltage 
rejection vs. values of ca- 
pacitors C2 and C3 
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Fig. 14 - Gain vs. input 
sensitivity 
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Fig. 15 - Gain vs. input 
sensitivity 
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Fig. 16 - Total power dissi- 
pation and efficiency vs. 

output poWfir 6 Asion 
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Fig. 17 - Total power dissi- 
pation and efficiency vs. 
output power & ^.m 
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APPLICATION SUGGESTION 

The recommended values of the components are those shown on application circuit of fig. 1 . 
Different values can be used; the following table can help the designer. 



Component 


Recomm. 
value 


Purpose 


Larger than 


" 
Smaller than 


Rl 


120 Kn 


Optimisation of the 
output signal simnnetry 


Snnaller Po max 


Smaller Porriax 


R2 and R4 


1 Ki7 


Close loop gain setting 


Increase of gain 


Decrease of gain 


R3 and R5 


3.3 n 


Decrease of gain 


Increase of gain 


R6 and R7 


1 D. 


Frequency stability 


Danger of oscillation at 
high frequency with 
inductive load 




Ci and C2 


2.2 mF 


Input DC decoupling 


High turn-on delay 


High turn-on pop 
Higher low frequency 
cutoff. Increase of noise. 


C3 


IOmF 


Ripple rejection 


Increase of SVR. 
Increase of the switch-on 
time. 


Degradation of SVR. 


C4 and Cg 


IOOmF 


Bootstrapping 




Increase of distortion 
at low frequency. 


C5 and C7 


IOOmF 


Feedback Input DC 
decoupling. 






Cg and C9 


0.1 iuF 


Frequency stability. 




Danger of oscillation. 


Cio and 
Cii 


1000 juF to 
2200 juF 


Output DC decoupling. 




Higher low-frequency 
cut-off. 
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BUILT-IN PROTECTION SYSTEMS 

Load dump voltage surge 

The TDA 2004 has a circuit which enables it to withstand a voltage pulse train, on pin 9, of the type 
shown in fig. 19. 

If the supply voltage peaks to more than 40V, then an LC filter must be inserted between the supply 
and pin 9, in order to assure that the pulses at pin 9 will be held within the limits shown. 
A suggested LC network is shown in fig. 18. With this network, a train of pulses with amplitude up to 
120V and width of 2 ms can be applied to point A. This type of protection is ON when the supply volt- 
age (pulse or DC) exceeds 18V. For this reason the maximum operating supply voltage is 18V. 



Fig. 18 



Fig. 19 
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Short circuit (AC conditions) 

The TDA 2004 can withstand a permanent short-circuit on the output for a supply voltage up to 16V. 

Polarity inversion 

High current (up to 10A) can be handled by the device with no damage for a longer period than the 
blow-out time of a quick 2A fuse (normally connected in series with the supply). This feature is added 
to avoid destruction, if during fitting to the car, a mistake on the connection of the supply is made. 

Open ground 

When the radio is the ON condition and the ground is accidentally opened, a standard audio amplifier 
will be damaged. On the TDA 2004 protection diodes are included to avoid any damage. 

Inductive load 

A protection diode is provided to allow use of the TDA 2004 with inductive loads. 

DC voltage 

The maximum operating DC voltage on the TDA 2004 is 18V. 

However the device can withstand a DC voltage up to 28V with no damage. This could occur during 

winter if two batteries are series connected to crank the engine. 
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BUILD-IN PROTECTION SYSTEMS (continued) 

Thermal shut-down 

The presence of a thermal limiting circuit offers the following advantages: 

1 ) an overload on the output (even if it is permanent), or an excessive ambient temperature can be easily 
withstood. 

2) the heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no device damage in the case of excessive junction temperature: all that happens is that Pq (and 
therefore P^ot) and 1^ are reduced. 

The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its ther- 
mal resistance); fig. 20 shows this dissipable power as a function of ambient temperature for different 
thermal resistance. 



Fig. 20 - Maximum allow- 
able power dissipation vs. 
ambient temperature 
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Fig. 21 - Output power and 
drain current vs. case tem- 
perature 
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Fig. 22 - Output power and 
drain current vs. case tem- 
perature 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsink. 
Thanks to the MULTIWATT® package attaching the heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink and the package it is better to insert a layer of silicon 
grease, to optimize the thermal contact; no electrical isolation is needed between the two surfaces. 
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MOUNTING INSTRUCTIONS (continued) 
Fig. 23 - Mounting examples 
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LINEAR INTEGRATED CIRCUIT 



20 W BRIDGE AMPLIFIER FOR CAR RADIO 

The TDA 2005 is a class B dual audio power amplifier in ML) LTIWATT® package specifically designed 
for car radio application: power booster amplifiers are easily designed using this device that provides 
a high current capability (up to 3.5A) and that can drive very low impedance loads (down to 1.6 ^ in 
stereo applications) obtaining an output power of more than 20W (bridge configuration). 

High output power: P^ = 10 + 10W @ Rl= 2^ d = 10% ; P^ = 20W @ Rl = 4U d = 10% 

High reliability of the chip and package with additional complete safety during operation thanks to 
protection against: 

— output DC and AC short circuit to — fortuitous open ground, 
ground. — polarity inversion. 

— overrating chip temperature (150°C) — very inductive loads. 

— load dump voltage surge. 

Flexibility in use: bridge or stereo booster amplifiers with or without bootstrap and with programmable 
gain and bandwidth. 

Space and cost saving: very low number of external components, very simple mounting system with no 

electrical isolation between the package and the heatsink (one screw only). 

In addition, the circuit offers loudspeaker protection during short circuit for one wire to ground. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Operating supply voltage 


18 


V 


Vs 


DC supply voltage 


28 


V 


Vs 


Peak supply voltage (for 50 ms) 


40 


V 


lo(*) 


Output peak current (non repetitive t = 0.1 ms) 


4.5 


A 


lo(^) 


Output peak current (repetitive f > 10Hz) 


3.5 


A 


Ptot 


Power dissipation at Tease = 60°C 


30 


W 


Tstg/Tj 


Storage and junction temperature 


-40 to 150° 


C 



(*) The max. output current is internally linriited 



ORDERING NUMBERS: 
MECHANICAL DATA 



TDA 2005 M - Bridge application 
TDA 2005 S - Stereo applications 



Dimensions in mm 




6/82 
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CONNECTION DIAGRAM 

(top view) 



BOOTSTRAP 1 
:^ OUTPUT 1 

•Vs 
5 OUTPUT 2 

BOOTSTRAP 2 




z:> INPUT-d) 
INPUT+(1) 



Tab connected 



SCHEMATIC DIAGRAM 




©CD (3) 



©0 



THERMAL DATA 



Rth j-case Thermal resistance junction-case 
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BRIDGE AMPLIFIER APPLICATION (TDA2005M) 
Fig. 1 - Test and application circuit (Bridge amplifier) 



JT(g- 



r 



"jn 5 




Fig. 2 - P.C. board and component layout (scale 1:1) 



TDA2005M 
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ELECTRICAL CHARACTERISTICS (Refer to the bridge application circuit, Ta, 



50 dB, R 



th (heatsink)' 



4 'C/W, unless otherwise specified) 



25°C, 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs Supply voltage 




8 




18 


V 


Vqs Output offset voltage(" ) 
(between pin 8 and 10) 


Vs= 14.4V 
Vs= 13.2V 






150 
150 


mV 
mV 


l(j Total quiescent drain current 


Vg- 14.4V RL=4i7 




75 


150 


mA 


Vs= 13.2V RL=3.2n 




70 


160 


mA 


Pq Output power 


d = 10% f = 1 KHz 

Vs= 14.4V RL=4r2 
RL=3.2iri 

Vs= 13.2V RL=3.2a 


18 
20 

17 


20 
22 

19 




W 
W 

W 


d Distortion 


f - 1 KHz 

Vs= 14.4V R^=4n 
Po = 50mWto 15W 
Vs= 13.2V RL=3.2n 
Po = 50mWto 13W 






1 
1 


% 
% 


Vj. Input sensitivity 


f - 1 KHz 

Po=2W RL=4n 

Po = 2W RL=3.2n 




9 
8 




mV 
mV 


. Rj Input resistance 


f = 1 KHz 


70 






Ka 


fL Low frequency roll off (-3 dB) 


RL=3.2n 






40 


Hz 


fl_i High frequency roll off (-3 dB) 


RL=3.2n 


20 






KHz 


Gy Closed loop voltage gain 


f = 1 KHz 




50 




dB 


e(\j Total input noise voltage 


Rg- 10 Kn("") 




3 


10 


mV 


SVR Supply voltage rejection 


Rq= 10 Kn C4= 10 mF 

f,jpp,e-100Hz 
Vnpple=0.5V 


45 


55 




dB 


rj Efficiency 


Vs -- 14.4V f= 1 KHz 
P0-2OW Rl=412 
Po = 22W RL-3.2n 
Vs= 13.2V f = 1 KHz 
Po=19W RL-3.2n 




60 
60 

58 




% 
% 

% 


Tsd Thermal shut-down case 
temperature 


Vs = 14.4V Rl= 4n 
f- 1 KHz Ptot= 13W 


100 


110 




"C 


Vqsh Output voltage with one side 

of the speaker shorted to ground 


V3 - 14.4V RL-4n 
Vs- 13.2V RL-3.2n 






2 


V 



{-) For TDA 2005M only. 

(<^°) Bandwidth filter: 22 Hz to 22 KHz. 
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Fig. 3 - Output offset voltage 
vs. supply voltage 



Fig. 4 - Distortion vs. out- 
put power (Bridge amplifier) 



Fig. 5 - Distorsion vs. out- 
put power (Bridge amplifier) 
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BRIDGE AMPLIFIER DESIGN 

The following considerations can be useful when designing a bridge amplifier. 



Parameter 


Single ended 


Bridge 


^o max 


Peak output voltage 
(before clipping) 


-1- (V3-2VcEsat) 


Vs-2VcEsat 


Iq max 


Peak output current 
(before clipping) 


1 (Vs-2VcEsat) 

2 Rl 


Vs-2VcEsat 

Rl 


Pq max 


rms output power 
(before clipping) 


1 (Vs-2VcEsat)^ 
4 2R|_ 


(Vs-2VcEsat)^ 
2Rl 



where: Vqe sat= output transistors saturation voltage 
Vs = allowable supply voltage 
Rl = load impedance. 



Voltage and current swings are twice for a bridge amplifier in comparison with single ended amplifier. 
In other words, with the same R^ the bridge configuration can deliver an output power that is four 
times the output power of a single ended amplifier, while, with the same max output current the bridge 
configuration can deliver an output power that is twice the output power of a single ended amplifier. 
Care must be taken when selecting Vg and Rl in order to avoid an output peak current above the 
absolute maximum rating. 

From the expression for Iq max* assuming Vg = 14.4V and VcEsat= 2V, the minimum load that can be 
driven by TDA 2005 in bridge configuration is: 



f^Lmin" 



V.-2Vr 



14.4-4 
3.5 



= 2.97 12 
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BRIDGE AMPLIFIER DESIGN (continued) 
Fig. 6 - Bridge configuration. v^ 

11 




The voltage gain of the bridge configuration is given by (see fig. 6): 



— o — 



1 + 



Ri 



Ro * n^ 



R2 + R4 



For sufficiently high gains (40 -^ 50 dB) it is 
possible to put R2= R4 and R3= 2 R^, simpli- 
fing the formula in: 



Gv (dB) 


Ri in) 


R2= R4 (^) 


R3 in) 


40 
50 


1000 
1000 


39 
12 


2000 
2000 



STEREO AMPLIFIER APPLICATION (TDA 2005S) 
Fig. 7 - Typical application circuit 



Tl^^^J^'"' 



INPUT (p- ",n2.2/.F 
(R) V ■ 



T 
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ELECTRICAL CHARACTERISTICS (Refer to the stereo application circuit, Tamb= 
Gv= 50 dB, Rth(heatsink)=^ 4°C/W, unless otherwise specified). 



25°C, 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




8 




18 


V 


Vq Quiescent output voltage 


Vs= 14.4V 
Vs= 13.2V 


6.6 
6 


7.2 
6.6 


7.8 
7.2 


V 
V 


l(j Total quiescent drain current 


Vs= 14.4V 
Vs= 13.2V 




65 
62 


120 
120 


mA 
mA 


Pq Output power (each channel) 


f = 1 KHz d = 10% 

Vs= 14.4V RL=4r2 
RL=3.2n 
R|_=2il 
Rl= ^.Q^ 

Vs= 13.2V RL=3.2n 
R L= 1 .6n 

Vs=16V RL=2n 


6 

7 
9 

10 
6 
9 


6.5 
8 
10 
11 
6.5 
10 
12 




W 
W 
W 
W 
W 
W 
W 


d Distortion (each channel) 


f = 1 KHz 

Vs= 14.4V R^_=4n 

Po = 50 mW to 4W 

Vs= 14.4V R^j=2a 

Po = 50 mW to 6W 

Vs= 13.2V RL=3.2n 

Po= 50 mW to 3W 

Vs= 13.2V Rl= 1.612 

Po = 40 mW to 6W 




0.2 
0.3 
0.2 
0.3 


1 
1 
1 
1 


% 
% 
% 
% 


CT Crosstalk (o) 


Vs= 14.4V 

R^_=4n 

Vo = 4V 
Rg= 10 Ka 


f = 1 KHz 




60 




dB 


f = 10 KHz 




45 




dB 


Vj Input saturation voltage 




300 






mV 


Vj Input sensitivity 


f = 1 KHz Po= 1W 
Rl=4I2 
R^=3.2n 




6 

5.5 




mV 


Rj Input resistance 


f = 1 KHz 


non inverting input 


70 


200 




K^ 


inverting input 




10 




KQ. 


f L Low frequency roll off (-3 dB) 


RL=2r2 






50 


Hz 


fn High frequency roll off (-3 dB) 


RL=2r2 


15 






KHz 


Gv Voltage gain (open loop) 


f = 1 KHz 




90 




dB 


G Voltage gain (closed loop) 


f = 1 KHz 


48 


50 


51 


dB 


AG^ Closed loop gain matching 






0.5 




dB 


eiNj Total input noise voltage 


Rg=10Kn (°°) 




1.5 


5 


mV 



(°) For TDA2005S only. 

(°°) Bandwidth filter: 22 Hz to 22 KHz. 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


SVR Supply voltage rejection 


Rg=10Kn frippie=100Hz 
C3=10mF V,jpp,e=0.5V 


35 


45 




dB 


rj Efficiency 


Vs= 14.4V f = 1 KHz 
RL=4n Po=6.5W 
RL=2n Po=10W 
Vs= 13.2V f = 1 KHz 
RL=3.2n Po=6.5W 
RL=1.6f2 Po= low 




70 
60 

70 
60 




% 
% 

% 
% 


Tsd Thermal shut-down case 
temperature 


Vs= 14.4V RL=2n 
Ptot= 6.6W 


120 


130 




°C 



Fig. 8 - Quiescent output 
voltage vs. supply voltage 




Fig. 9 - Quiescent drain cur- 
rent vs. supply voltage 
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Fig. 10- Distortion vs. out- 
put power 
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Fig. 1 1 - Output power vs. 
supply voltage 
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Fig. 12 - Output power vs. 
supply voltage 
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Fig. 13 - Distortion vs. 
frequency 
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Fig. 14 - Distorsion vs. 
frequency 
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Fig. 15 - Supply voltage re- 
jection vs. C3 ,.,3oeM 
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Fig. 16 - Supply voltage 
rejection vs. frequency 
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Fig. 17 - Supply voltage 
rejection vs. values of ca- 
pacitors C2 and C3 



Vj-.U.^ 


















, Rg.WKfl 

Gv-.390/m 
<rippl«.100l- 
















z 






C2--220PF 


-^ 




.- = 










/' 


^ 


^ 


^ 


r ' 






/ 


/ 


( 


2-22 PF>^ 








y 


/ 






.i' 


;=^,.„. 








X 




A 


^ 


^^ 












f 


^ 














^ 


















/ 



















Fig. 18 - Supply voltage re- 
jection vs. values of ca- 
pacitors C2 and C3 
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Fig. 19 - Gain vs. input 
sensitivity 
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Fig. 20 - Gain vs. input 
sensitivity 







-^ 








-1 


;-3 ! J 


























1 Vs=K4 
















f = 1kHz 








s 
















\, 
















\ 


















\ 












t 




s 


















N 


















\, 










\ 






s 


=0= OW 








\ 








. 








N 


















N 






\ 










s 


Pn = 0.5W 


>y 












N 




\ 














s 




\ 
















s 










L_ 


s 






L 





Fig. 21 - Total power dissi- 
pation and efficiency vs. 
output power (bridge) ,GA3,on 
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Fig. 22 - Total power dissi- 
pation and efficiency vs. 
output power g a3,w, 
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APPLICATION INFORMATION 

Fig. 23 - 10 + 10W stereo amplifier with tone balance and 
loudness control 




Fig. 24 - Tone control 
response (circuit of fig. 23) 




Fig. 25 - 20W Bus amplifier 
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Fig. 26 - Simple 20W two way amplifier (fc = 2 KHz) 
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Fig. 27 - Bridge amplifier circuit suited for low-gain applications {G^= 34 dB) 
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APPLICATION SUGGESTION 

The recommended values of the components are those shown on Bridge application circuit of fig. 1. 
Different values can be used, the following table can help the designer. 



Component 


Recommended 
Value 


Purpose 


Larger than 


Smaller than 


Ri 


120 Kn 


Optimization of the 
output symmetry 


Smaller Pq max 


Smaller Pq ^ax 


R2 


1 Kn 


Closed loop gain 
setting (see BRIDGE 
AMPLIFIER 
DESIGN) 






R3 


2 Kn 






R4 and R5 


12^2 






R6 and R7 


1 n 


Frequency stability 


Danger of oscillation 
at high frequency 
with inductive loads 




Ci 


2.2 mF 


Input DC 
decoupling 


High turn on delay 


Higher turn on pop. 

Higher low frequency 

cutoff. 

Increase of noise. 


C2 


2.2 mF 


Optimization of 
turn on pop and 
turn on delay. 


^3 


0.1 mF 


Supply by pass 




Danger of oscillation. 


C4 


IOmF 


Ripple Rejection 


Increase of SVR. 
Increase of the 
switch-on time. 


Degradation of SVR. 


C5 and C7 


100 /zF 


Bootstrapping 




Increase of distortion 
at low frequency. 


C6 and Cg 


220 mF 


Feedback input 
DC decoupling, low 
frequency cutoff. 




Higher low frequency 
cutoff. 


C9 and Cio 


0.1 mF 


Frequency stability. 




Danger of oscillation. 
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BUILT-IN PROTECTION SYSTEMS 

Load dump voltage surge 

The TDA 2005 has a circuit which enables it to withstand a voltage pulse train, on pin 9, of the type 

shown in fig. 29. 

If the supply voltage peaks to more than 40V, then an LC filter must be inserted between the supply 

and pin 9, in order to assure that the pulses at pin 9 will be held within the limits shown. 

A suggested LC network is shown in fig. 28. With this network, a train of pulses with amplitude up to 

120V and width of 2 ms can be applied at point A. This type of protection is ON when the supply 

voltage (pulse or DC) exceeds 18V. For this reason the maximum operating supply voltage is 18V. 



Fig. 28 



Fig. 29 





Short circuit (AC and DC conditions) 

The TDA 2005 can withstand a permanent short-circuit on the output for a supply voltage up to 16V. 

Polarity inversion 

High current (up to 10A) can be handled by the device with no damage for a longer period than the 
blow-out time of a quick 2A fuse (normally connected in series with the supply). This feature is added 
to avoid destruction, if during fitting to the car, a mistake on the connection of the supply is made. 

Open ground 

When the radio is in the ON condition and the ground is accidentally opened, a standard audio amplifier 
will be damaged. On the TDA 2005 protection diodes are included to avoid any damage. 

Inductive load 

A protection diode is provided to allow use of the TDA 2005 with inductive loads. 

DC voltage 

The maximum operating DC voltage for the TDA 2005 is 18V. 

However the device can withstand a DC voltage up to 28V with no damage. This could occur during 

winter if two batteries are series connected to crank the engine. 

Thermal shut-down 

The presence of a thermal limiting circuit offers the following advantages: 

1 ) an overload on the output (even if it is permanent), or an excessive ambient temperature can be easily 
withstood. 

2) the heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no device damage in the case of excessive junction temperature: all that happens is that Pq (and 
therefore Ptot) and 1^ are reduced. 

The maximum allowable power dissipation depends upon the size of the externa! heatsink (i.e. its ther- 
mal resistance); fig. 30 shows this dissipable power as a function of ambient temperature for different 
thermal resistance. 
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Fig. 30 - Maximum allow- 
able power dissipation vs. 
ambient temperature ^ ^^^^^ 
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Fig. 31 - Output power and 
drain current vs. case tem- 
perature G.,3,3n 
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Fig. 32 - Output power and 
drain current vs. case tem- 
perature 
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Loudspeaker protection 

The circuit offers loudspeaker protection during short circuit for one wire to ground. 

MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsink. 
Thanks to the MULTIWATT® package attaching the heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink and the package it is better to insert a layer of silicon 
grease, to optimize the thermal contact; no electrical isolation is needed between the two surfaces. 
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LINEAR INTEGRATED CIRCUIT 



low AUDIO AMPLIFIER 

The TDA 2006 is a monolithic integrated circuit in Pentawatt® paci<age, intended for use as a low 
frequency class "AB" amplifier. At ± 12V, d = 10% typically it provides 12W output power on a 4n 
load and 8W on a 8i7. The TDA 2006 provides high output current and has very low harmonic and 
cross-over distortion. Further the device incorporates an original (and patented) short circuit protection 
system comprising an arrangement for automatically limiting the dissipated power so as to keep the 
working point of the output transistors within their safe operating area. A conventional thermal 
shutdown system is also included. The TDA 2006 is pin to pin equivalent to the TDA 2030. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


± 15 


V 


Vi 


Input voltage 


Vs 




Vi 


Differential input voltage 


±12 


V 


lo 


Output peak current (internally limited) 


3 


A 


Ptot 


Power dissipation at Tcase= 90°C 


20 


W 


Tstg , Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 2006H; TDA 2006V 



MECHANICAL DATA 



Dimensions in mm 




version H 




version V 



6/82 
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CONNECTION DIAGRAM 




> INVERTING INPUT 
> NON INVERTING INPUT 



tab connected to pin 3 



SCHEMATIC DIAGRAM 
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TEST AND APPLICATION CIRCUIT 



I^F 1 



22knM 



R2n 

68onM 




■iu r- 



0.22 AiFj" 



6-V, 



THERMAL DATA 



R^^ . Thermal resistance junction-case 

th-j case ' 



°c/w 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit; V^^ ±12V, Tamb= 25°C unless 
otherwise specified) 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




±6 




± 15 


V 


Id Quiescent drain current 


Vs = ± 15V 




40 


80 


mA 


lb Input bias current 




0.2 


3 


mA 


Vqs Input offset voltage 




±8 




mV 


Iqs Input offset current 




±80 




nA 


Vqs Output offset voltage 




± 10 


± 100 


mV 


Pq Output power 


d = 10% 
f = 1 KHz 
RL=4n 
RL=8n 


6 


12 
8 




W 
W 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Units 


d Distortion 


Po=0.1 to8W 
RL=4n 
f = 1 KHz 




0.2 




% 


Po= 0.1 to 4W 
RL=8n 
f = 1 KHz 




0.1 


1 


% 


Vj Input sensitivity 


f = 1 KHz 
Po=10W RL=4n 
Po= 6W RL=8n 




200 
220 




mV 
mV 


B Frequency response (-3 dB) 


Po=8W RL=4n 


10 to 140,000 


Hz 


Rj Input resistance (pin 1) 


f = 1 KHz 


0.5 


5 




Mn 


Gv Voltage gain (open loop) 




75 




dB 


Gy Voltage gain (closed loop) 


29.5 


30 


30.5 


dB 


e|v^ Input noise voltage 


B (-3 dB) = 22Hz to 22kHz 
RL=4a 




3 


10 


mV 


ip^ InpQt noise current 




80 


200 


pA 


SVR Supply voltage rejection 


R L= 4n 

Rg=22Kn 
^ipple=100Hz (*) 


40 


50 




dB 


Id Drain current 


Po=12W RL=4n 
Pq- 8W RL=8i7 




850 
500 




mA 
mA 


Tj Thermal shut down junction 
tennperature 






145 




°C 



(*) Referring to fig. 15, single supply. 
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Fig. 1 - Output power vs. 
supply voltage 
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F ig. 2 - D istortion vs. output 
power 
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Fig. 3 - Distortion vs. fre- 
quency 
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Fig. 4 - Distortion vs. fre- 
quency 
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Fig. 5 -Sensitivity vs. output 
power 
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Fig. 6 -Sensitivity vs. output 
power 
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Fig. 7 - Frequency response 
with different values of the 
rolloff capacitor Cg (see 
fig. 13) 
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Fig. 8 - Value of Cs vs. 
voltage gain for different 
bandwidths (see fig. 13) ' 
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Fig. 9 - Quiescent current 
vs. supply voltage 
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Fig. 10 - Supply voltage 
rejection vs. voltage gain 
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Fig. 11 - Power dissipation 
and efficiency vs. output 
power 
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Fig. 12 - Maximum power 
dissipation vs. supply volt- 
age (sine wave operation) 
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Fig. 13 - Application circuit with 
split power supply 



Fig. 14 - P.C. board and component 
layout for the circuit of fig. 13 
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Fig. 15 - Application circuit with single 
power supply 



Fig. 16 - P.C. board and component 
layout for the circuit of fig. 15 
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Fig. 17 - Bridge amplifier configuration with split power supply (Po = 24W, Vg = ± 12V) 




-V3O 



662 



PRACTICAL CONSIDERATION 

Printed circuit board 

The layout shown in fig. 14 should be adopted by the designers. If different layout are used, the ground 
points of input 1 and input 2 must be well decoupled from ground of the output on which a rather high 
current flows. 



Assembly suggestion 

No electrical isolation is needed between the package and the heat-sink with single supply voltage 
configuration. 



Application suggestion 

The recommended values of the components are the ones shown on application circuits of fig. 13. 
Different values can be used. The following table can help the designers. 



Component 


Recommended 
value 


Purpose 


Larger than 
recommended value 


Smaller than 
recommended value 


Ri 


22 Kn 


Closed loop gain 
setting 


Increase of gain 


Decrease of gain 


R2 


680n 


Closed loop gain 
setting 


Decrease of gain 


Increase pf gain 


R3 


22 K^ 


Non inverting input 
biasing 


Increase of input 
impedance 


Decrease of input 
impedance 


R4 


in 


Frequency stability 


Danger of oscillation at 
high frequencies with 
inductive loads 




R5 


3R2 


Upper frequency 
cutoff 


Poor high frequencies 
attenuation 


Danger of oscillation 


Ci 


2.2 mF 


Input DC decoupling 




1 ncrease of low 
freqencies cut off 


C2 


22 mF 


Inverting input DC 
decoupling 




Increase of low 
frequencies cutoff 


C3C4 


0.1 mF 


Supply voltage by pass 




Danger of oscillation 


C5C6 


IOOmF 


Supply voltage by pass 




Danger of oscillation 


C7 


0.22 juF 


Frequency stability 




Danger of oscillation 


Cs 


1 


Upper frequency 
cutoff 


Lower bandwidth 


Larger bandwidth 


27rBRi 


D1D2 


1N4001 


To protect the device against output voltage spikes. 
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SHORT CIRCUIT PROTECTION 

The TDA 2006 has an original circuit which limits the current of the output transistors. Fig. 18 shows 
that the maximum output current is a function of the collector emitter voltage; hence the output 
transistors work within their safe operating area (fig. 19). 

This function can therefore be considered as being peak power limiting rather than simple current 
limiting. The TDA 2006 is thus protected against temporary overloads or short circuit. Should the short 
circuit exist for a longer time, the thermal shutdown protection keeps the junction temperature within 
safe limits. 



Fig. 18 - Maximum output 
current vs. voltage Vce(sat) 
across each output transistor 



Fig. 19 - Safe operating area and 
collector characteristics of the pro- 
tected power transistor 
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THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) An overload on the output (even if it is permanent), or an- above limit ambient temperature can be 
easily supported since the Tj cannot be higher than 150°C. 

2) The heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. 

If for any reason, the junction temperature increases up to 150°C, the thermal shutdown simply 
reduces the power dissipation and the current consumption. 
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Fig. 20 - Output power and 
drain current vs. case tem- 
perature (Rl= 4n) 
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Fig. 21 - Output power and 
drain current vs. case tem- 
perature (Rl= 8n) 
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The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its 
thermal resistance); fig. 22 shows this dissipable power as a function of ambient temperature for dif- 
ferent thermal resistances. 



Fig. 22 - Maximum allow- 
able power dissipation vs. 
ambient temperature 
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Fig. 23 - Example of heatsink 



HOLE FOR PARKER SCREW 



1"C 



T_r'~'LJ 



mMnm^ 



-50 50 100 150Ta,Tib(°C) 



Dimension suggestion 

The following table shows the lenght of the heatsink 



Ptot (W) 


12 


8 


6 


Lenght of 
heatsink (mm) 


60 


40 


30 


Rth of heatsink 

{-cm 


4.2 


6.2 


8.3 
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LINEAR INTEGRATED CIRCUIT 



12W AUDIO AMPLIFIER (V^ - 22V, Rl= 412) 



®r 



The TDA 2008 is a monolithic class B audio power amplifier in Pentawatt^ package designed for driving 
low impedance loads (down to 3.2n). The device provides a high output current capability (up to 3A), 
very low harmonic and crossover distortion. 
In addition, the device offers the following features: 

— very low number of external cornponents 

— assembly ease, due to Pentawatt® power package with no electrical insulation requirement 

— space and cost saving 

— high reliability 

— flexibility in use 

— thermal protection 



ABSOLUTE MAXIMUM RATINGS 



Vs 


DC supply voltage 


28 


V 


lo 


Output peak current (repetitive) 


3 


A 


lo 


Output peak current (non repetitive) 


4 


A 


P.ot 


Power dissipation at T^ase"^ 90°C 


20 


W 


Tstg. Ti 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 2008V 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM (top view) 




> SUPPLY VOLTAGE 

> OUTPUT 

> GROUND 

> INVERTING INPUT 
NON INVERTING INPUT 



tab connected to pin 3 



SCHEMATIC DIAGRAM 
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DC TEST CIRCUIT 




O+Vs 



S- 4009 



AC TEST CIRCUIT 




S- AGIO 
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THERMAL DATA 



'th j-case 



Thermal resistance junction-case 



°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits,V3 = 22V, T^^b^ 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs Supply voltage 




10 




28 


V 


Vq Quiescent output voltage 
(pin 4) 






10.5 




V 


Id Quiescent drain current 
(pin 5) 






65 


115 


mA 


pQ Output power 


d - 1 0% 
f = 1 KHz 


RL=8n 




8 




W 


RL=4n 


10 


12 




W 


Vj (RMS) Input saturation voltage 




300 






mV 


Vj Input sensitivity 


f = 1 KHz 

Po = 0.5W RL=8n 
Po = 8W Rl=8j:2 
Po-0.5W RL=4n 
Po = 1 2W R L= 412 




20 
80 
14 
70 




mV 
mV 
mV 
mV 


B Frequency response 
(-3 dB) 


Po=1W 
Rl=412 


40 to 1 5 000 


Hz 


d Distortion 


f = 1 KHz 

Po = 0.05to4W R|_=B12 

Po-0.05to6W RL=4n 




0.15 
0.15 




% 
% 


Rj Input resistance (pin 1) 


f = 1 KHz 


70 


150 




Kn 


Gy Voltage gain (open loop) 


f = 1 KHz RL=8i7 




80 




dB 


Gv Voltage gain (closed loop) 


39.5 


40 


40.5 


dB 


eisj Input noise voltage 


BW= 22Hz to 22 KHz 




1 


5 


mV 


i|\j Input noise current 




60 


200 


pA 


SVR Supply voltage rejection 


Vripple- 0-5V 
Rg = 10K12 
R|_ = 412 


f = lOOHz 


30 


36 




dB 


f- 15 KHz 




36 




dB 
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APPLICATION INFORMATION 

Fig. 1 ~ Typical application circuit 



Fig. 2 - P.C. board and component layout for 
the circuit of fig. 1 (1:1 scale) 



-O V, 



CS-0126 




Fig. 3 - 25W bridge configuration application 
circuit (°) 



Fig. 4 - P.C. board and component layout for 
the circuit of fig. 3(1:1 scale) 
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(°) The value of the capacitors C3 and C4 are dif- 
ferent to optimize the SVR (Typ. = 40 dB^ 
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Fig. 5 - Vertical deflection for count-down circuits 
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LINEAR INTEGRATED CIRCUIT 



10 + low HIGH QUALITY STEREO AMPLIFIER 

The TDA 2009 is class AB dual Hi-Fi Audio power amplifier assembled In Multlwatt® package, spe- 
cially designed for high quality stereo applications as Hi-Fi TV and music centers. Its main features are: 

— High output power (10 + 10W min. @ d = 0.5%) 

— High current capability (up to 3.5A) 

— Thermal overload protection 

— Space and cost saving: very low number of external components and simple mounting thanks to the 
Multiwatt® package. 



ARQHI 



Vs 


Supply voltage 


28 


V 


lo 


Output peak current (repetitive f > 20 Hz) 


3.5 


A 


lo 


Output peak current (non repetitive, t = 100 jUs) 


4.5 


A 


Ptot 


Power dissipation at Tcase= 90° C 


20 


W 


Tstg/ Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 2009 



MECHANICAL DATA 



Dimensions in mm 



;iiiSI 


22.0 




.21.85 




^Bi 






wWfe?^ '-i 


ill 


mM^ 


w4fc' 


^X^ 


WmS' 




Hi 





'&^0M 
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mm^ 



CONNECTION DIAGRAM 

(top view) 




N.C. 
OUTPUT (1) 

OUTPUT (2) 

N.C. 

GND 

NON INV.INPUT(2) 

INV. INPUT (2) 

SVRR 

INV. INPUT (1) 

NON INVINPUTd) 



SCHEMATIC DIAGRAM 




'^=n*C 



y-,. 



< 



^-W — W '^ 



< 



-CD- 



^ 



9 9 



THERMAL DATA 



Rth j-case Thermal resistance junction-case 



max 3 °C/W 
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Fig. 1 - Test circuit (Gv = 36 dB) 



9*vs 




Fig. 2 - P.C. board and components layout of the circuit of fig. 1(1:1 scale) 
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ELECTRICAL CHARACTERISTICS (Refer to the stereo application circuit, 
Gv = 36 dB, unless otherwise specified) 



25°C, 



Parameters 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 




8 




28 


V 


Vo 


Quiescent output voltage 


Vs = 23V 




11 




V 


'd 


Total quiescent drain current 


Vs = 23V 




80 


120 


mA 


Po 


Output power (each channel) 


f = 40 Hz to 16 KHz 

d = 0.5% 

Vs = 23V RL=4n 

R|_=8n 
Vs=18V RL=4r2 

R|_=8 n 


10 
5.5 


12 
7 
7 

4 




W 
W 
W 
W 


d 


Distortion (each channel) 


f = 1 KHz 

Vs = 23V RL=4n 

Po=100mWto8W 

Vs = 23V RL=8n 

Po= 100mWto3W 




0.1 
0.05 




% 


CT 


Cross talk (°°°) 


Rl=- 
Rg= 10 Kn 


f = 1 KHz 




60 




dB 


f = 10 KHz 




50 




dB 


Vi 


Input saturation voltage (rms) 




300 






mV 


Rj 


Input resistance 


f = 1 KHz 


non inverting input 


70 


200 




Kn 


inverting input 




10 




Kn 


fL 


Low frequency roll off (-3 dB) 


RL=4fil 




15 




Hz 


fH 


High frequency roll off (-3 dB) 




80 




KHz 


Gv 


Voltage gain (open loop) 


f = 1 KHz 




85 




dB 


Gv 


Voltage gain (closed loop) 


f =1 KHz 


35.5 


36 


36.5 


dB 


AGv 


Closed loop gain matching 






0.5 




dB 


Gn 


Total input noise voltage 


Rg= 10Kr2 (°) 




1.5 




liV 


Rg= 10 Ka (°°) 




2 




mV 


SVR 


Supply voltage rejection 
(each channel) 


Rg= 10Kf2 
fripple=100Hz 
Vnpple= 0.5V 




55 




dB 


Tj 


Thermal shut-down junction 
temperature 






145 




°C 



(°) Curve A. 



(°°) 22 Hz to 22 KHz. 



(°°°) Optimized test box. 
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Fig. 3 - Output power vs. 
supply voltage 
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Fig. 4 - Output power vs. 
supply voltage 
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Fig. 5 - Distortion vs. out- 
put power 













1 














vJi23V 
G^=36de 
























































































I r 

16KHz< 


4n 


k^' 


, 






1 1 1 Mint 

K^ 16KH2=8ja 


^fl 






s^ IKHZ 








1 niiiiii 




will 



10 12 U 16 18 20 22 2« 26 VjCV) 



6 10 H 18 22 26 30 V^CV) 



riy. u - L-»ibLur Liuii vi. ire- 

quency 

G-*6»3/l 



IIJ II 


Vs=2 3V 

Gy:.36dB 1 i 


Po = «W 










11 _.. /_- 


::Ue-:^:::: 



riy. / - vzuicoociii. u«-ii 

VS. supply voltage 























G- 


Ase 




'd 
(mA) 


























90 


















































80 
















































- 


70 












^ 


^ 














. 




^ 
















60 


^ 


^ 














































50 















































































rejection 
citor C3 




vs. 


value of 


capa- 


(dB) 


! i 














Vs = 23V 

' — Rg=10KA 
f =100Hz 






C6 = C7= 


220^ 


z' 


50 






H 


/-^ 








/\ 


^'"' 


/C6=C7=22 


PF 






y 


y 




.k 


y 










,^ 




/ 


A 












30 


/^ 


/ 
















/ 
















.. 











































10 100 



10K f (Hz) 



10 U 18 22 26 



10 30 C3()jF) 



Fig. 9 - Supply voltage 
rejection vs. frequency 
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Fig. 10 - Total power dissi- 
pation an efficiency vs. out- 
put power ^.^^^^ 



Fig. 1 1 - Total power dissi- 
pation and efficiency vs. 
output power 
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APPLICATION INFORMATION 

Fig. 12 - Typical application circuit 

22juF ^ C3 
.K. 22A.F 



IN 2.2pF 

s — IJ- 



^.1/uF j[j 



C5 
100/uF 




Fig. 13 - 10 + low stereo amplifier with tone balance and 
loudness control 



Fig. 14 - Tone control re- 
sponse (circuit of fig. 13) 
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APPLICATION INFORMATION (continued) 
Fig. 15 - 10 + low high quality cassette player 

18KA 113 




Fig. 16 - 20W Hi-Fi TV two way amplifier (fc = 2 KHz) 

O-Vg 



MINIWOOFER 
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APPLICATION INFORMATION (continued) 

Fig. 17 - High quality 20 + 20W two way annplifier for stereo music center 





RIGHT 
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APPLICATION INFORMATION (continued) 
Fig. 18 - 18W bridge amplifier (d = 0.5%, Gv = 42 dB) 
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Fig. 19 - P.C. board and components layout of the circuit of fig. 18 (1 : 1 scale) 
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APPLICATION SUGGESTION 

The recommended values of the components are those shown on application circuit of fig. 12. Different 
values can be used; the following table can help the designer. 



Component 


Recomm. 
value 


Purpose 


Larger than 


Smaller than 


R1 and R3 


1.2 Kn 


Close loop gain setting 


Increase of gain 


Decrease of gain 


R2 and R4 


18 n 


Decrease of gain 


Increase of gain 


R5 and R6 


1 n 


Frequency stability 


Danger of oscillation at 
high frequency with 
inductive load 




CI and C2 


2.2 mF 


Input DC decoupling 


High turn-on delay 


High turn-on pop 
Higher low frequency 
cutoff. Increase of noise 


C3 


22 mF 


Ripple rejection 


Better SVR. 
Increase of the 
switch-on tinne 


Degradation of SVR. 


C6 and C7 


220 iuF 


Feedback Input DC 
decoupling. 






C8 and C9 


0.1 nF 


Frequency stability. 




Danger of oscillation. 


ClOandCII 


1000/iF to 
2200 mF 


Output DC decoupling. 




Higher low-frequency 
cut-off. 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsini<. 
Thanl<s to the MULTIWATT® package attaching the heatsini< is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink and the package it is better to insert a layer of silicon 
grease, to optimize the thermal contact; no electrical isolation is needed between the two surfaces. 



Fig. 20 - Mounting examples 
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LINEAR INTEGRATED CIRCUIT 



12W Hi-Fi AUDIO AMPLIFIER 

The TDA 2010 is a monolithic integrated operational amplifier in a 14-lead quad in-line plastic pa- 
ckage, inteded for use as a low frequency class B power amplifier. Typically it provides ^2^N output 
power (d = 1% ) at ± 14\//4n; at Vg = ± 14V the guaranteed output power is 10W on a 4ri load and 
8W on a 8n load (DIN norm 45500). The TDA 2010 provides high output current (up to 3.5 A) and 
has very low harmonic and cross-over distortion. Further, the device incorporates an original (and 
patented) short circuit protection system, comprising an arrangement for automatically limiting the 
dissipated power so as to keep to working point of the output transistors within their safe operating 
area. A conventional thermal shut-down system is also included. The TDA 2010 is pin to pin equivalent 
to TDA 2020. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


± 18 


V 


Vi 


Input voltage 


Vs 




v, 


Differential input voltage 


± 15 


V 


«o 


Output peak current (internally limited) 


3.5 


A 


Ptot 


Power dissipation at J^^ < 95°C 


18 


W 


Tstg'Tj 


Storage and junction temperature 


-40 to 150 


°c 



ORDERING NUMERS: 



TDA 2010 B82 dual in-line plastic package 

TDA 2010 B92 quad in-line plastic package 

TDA 2010 BC2 dual in-line plastic package with spacer 

TDA 2010 BD2 quad in-line plastic package with spacer 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION AND SCHEMATIC DIAGRAMS 

{top view) 




The copper slug is electrically 
connected to pin 5 (substrate) 




TEST CIRCUIT 



R5 

a3kn| 



0*Vs 



100 kfl 
5'/o 




JLD2 



* IN 4001 OR EQUIVALENT 



6-Vs 



THERMAL DATA 



RthJH 



Thermal resistance junction-case 



°C/W 
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ELECTRICAL CHARACTERISTICS 

(Refer to the test circuit, Vg = ± 14V, Tamb ~ 25°C unless otherwise specified) 





Test conditions 


Min. 


Typ. 


Max. 


Unit 


V5 Supply voltage 




± 5 




± 18 


V 


Id Quiescent drain current 


Vs=± 18V 




45 




mA 


1,^ Input bias current 


Vs = ± 17V 




0.15 




HA 


Vqs Input offset voltage 




5 




mV 


Iqs Input offset current 




0.05 




mA 


Vo5 Output offset voltage 




10 


100 


mV 


Pq Output power 


d =1% 

Tease < 70° C 

f = 40 to 1 5 000 Hz 

RL=4n 
RL=8n 


10 
8 


12 
9 




W 
W 


d = 1 0% 

Tease <70PC f = 1 kHz 

RL=4f2 
RL=8n 




15 
12 




W 
W 


Vj Input sensitivity 


f = 1 kHz 
Po = 10W RL=4n 
Po = 8W RL=8n 




220 
250 




mV 
mV 


B Frequency response (-3dB) 


RL=4n C4 = 68pF 


10 to 160 000 


Hz 


d Distortion 


Pq = lOOmWto low 
Rl=4 12 
Tease <70°C 

f = 1 kHz 

f = 40 to 1 5 000 Hz 




0.1 
0.3 


1 


% 
% 


Pq = 1 00 mW to 8 W 

RL=8n 

Tease <70°C 

f - 1 kHz 

f =40to15 000Hz 




0.1 
0.2 


1 


% 
% 


Rj Input resistance (pin 7) 






5 




Mn 


G^ Voltage gain (open loop) 


RL^4n f = 1 kHz 




100 




dB 


G^ Voltage gain (closed loop) 


29.5 


30 


30.5 


dB 


Cj^ Input noise voltage 


RL=4n 

B (-3 dB) = 22 Hz to 22 KHz 




4 




mV 


i(Sl Input noise current 




0.1 




nA 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


1 

Typ. 


Max. 


Unit 


SVR 


Supply voltage rejection 


R, =4 12 
fripple=100Hz 




50 




dB 


•d 


Drain current 


Po = 12W RL=4n 
Po= 9W RL=8n 




0.8 
0.5 




A 
A 


Tsd 


Thermal shut-down 
junction temperature 






145 




°C 


Tsd 


(*) Thermal shut-down case 
temperature 


Ptot = 10.5W 




120 




°C 



{*) See fig. 14. 



Fig. 1 - Output 
supply voltage 


power 


vs. 
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Fig. 2 - Output power 
supply voltage 


vs. 
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Fig. 3 - Distortion vs. output 
power 
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Fig. 4 - Distortion vs. output 
power (Rl = 4 12) 
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Fig. 5 - Distortion vs. output 
power (Rl = 8 12) 
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Fig. 6 - Distortion vs. fre- 
quency 
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Fig. 7 - Output power vs. 
frequency 




Fig. 8 - Sensitivity vs. output 
power ( R L = 4 n ) 



- 




1 1 


\ \ 1 








~- 






f =ll<Hz 




















- 




~ 






















^ 




























^ 












- 




/ 


/ 


z 


V 


^ 


^ 


^^ 


-^G 




30 


JB 






























( 


























^- 


- 




/ 










- 








.^ 




-^ 






^ 


r 


-<: 


^ 




^ 






Gv 


^'- 


dB 




- 


- 













Fig. 9 - Sensitivity vs. output 
power ( R L = 8 n ) 
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Fig. 10 - Open loop frequen- 
cy response with different 
values of the rolloff capaci- 
tor C4 




Fig. 11 - Value of C4 vs. 
voltage gain for different 
bandwidths 



c , 




-:tl-ffi 


-|: z==:. 


EE 


-^=-A-.^ 




,-- 


— .j_j_-n_ 








L I 




^ 


u ]Lili_ 






i--|- 




^ 






L_ -j-J-l- 


10' 


OB'AOkHz 






^i^E 


^fefe 


__■-: 




-^^tt'N 


-;~^N±i:^ 






>«L 


IV i^ 






-■- .___{" llH; 


jV 


\ 






1 1 160kHz 


^ N 




^--.-M-^- 






Li 1 


eOkHz 


N 

V 


k. iK 


J 


i=r.-~ 


--:. 


-W4l^ 






%^|^^ 









-.Tiz-tztr-t: 






^^ <i 








it 






-s ^ IX 










rl "^ 




1 i 1 1 1 i 


i 












1 i i 


1 




i! 



Fig. 12 - Quiescent current 
vs. supply voltage 
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Fig. 13 - Supply voltage 
rejection vs. voltage gain 
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Fig. 14 - Power dissipation 
and efficiency vs. output 
power 



Fig. 15 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 





_ 


_ 


_ 


^n 




























— -sn 
















































Ptot 






















































































































\ 


> 
























/ 












/^ 


























/ 












y 




























/ 










* 








1 




^ 


• 














1 


















^ 


^ 




















/ 






^ 


/ 






^ 


y 




























A 


' 






^ 


' 






























/^ 


1 




































/ 




/ 






"> 






























f 


/ 












^ 


■V* 




















,7 


/ 






































'/ 


























Gv = 30dB 




- 






















































































1 1 1 









Ptot 
(W) 

16 
12 
8 




















































































/ 




















/n 


















/ 


/ 


















y 


y 
















,^ 


y 






^ 


en 






20 


^ 












































20 30 



13 15 iVs(V) 



687 



TDA2010 



APPLICATION INFORMATION 

Fig. 16 - Application circuit with split power supply 
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Fig. 17 - P.C. board and connponent layout for the circuit of fig. 16 (1 :1 scale) 
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SHORT CIRCUIT PROTECTION 

The most important innovation in the TDA 2010 is an original circuit which limits the current of the 
output transistors. Fig. 18 shows that the maximum output current is a function of the collector- 
emitter voltage; hence the output transistors work within their safe operating area (fig. 19). This function 
can therefore be considered as being peak power limiting rather than simple current limiting. The TDA 
2010 is thus protected against temporary overloads or short circuit. Should the short circuit exists for 
a longer time, the thermal shut-down comes into action and keeps the junction temperature within 
safe limits. 



Fig. 18 - Maximum output 
current vs. voltave (Vqe) 
across each output transistor 




Fig. 19 - Safe operating area and 
collector characteristics of the pro- 
tected power transistor. 




THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) an overload on the output (even if it is permanent), or an above-limit ambient temperature can be 
easily supported since the Tj cannot be higher than 150°C 

2) the heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. 

If, for any reason, the junction temperature increases up to 150°C, the thermal shut-down simply redu- 
ces the power dissipation and the current consumption. 



Fig. 20 - Output power and 
drain current vs. case tempe- 
rature (Rl = 8 li) 
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Fig. 21 - Output power and 
drain current vs. case tempe- 
rature (R, =4 n) 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed 
by adding an external heatsink as shown in figs. 22 
and 23. 

The system for attaching the heatsink is very simple: 
it uses a plastic spacer which is supplied with the 
device. 

Thermal contact between the copper slug (of the 
package) and the heatsink is guaranteed by the pres- 
sure which the screws exert via the spacer and the 
printed circuit board; this is due to the particular 
shape of the spacer. 



Note: The most negative supply voltage is connected to the 
copper slug, hence to the heatsink (because it is in 
contact with the slug). 



Fig. 23 - Cross-section of mounting system 




The maximum allowable power dissipation depends 
upon the size of the external heatsink (i.e. its thermal 
resistance); fig. 24 shows this dissipable power as a 
function of ambient temperature for different thermal 
resistance. 



Fig. 22 - Mounting system of TDA 2010 



HEATSINK 

R,h = 2to8°C/W 




Fig. 24 - Maximum allowa- 
ble power dissipation vs. 
ambient temperature 
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LINEAR INTEGRATED CIRCUIT 



mmB 



20W Hi-Fi AUDIO AMPLIFIER 

The TDA 2020 is a monolithic integrated operational amplifier in a 14-lead quad in-line plastic pa- 
ckage, intended for use as a low frequency class B power amplifier. Typically it provides 20W output 
power (d = 1% ) at ± 18V/4^; the guaranteed output power at ± 17V/412 is 15W (DIN norm 45500). 
The TDA 2020 provides high output current (up to 3.5 A) and has very low harmonic and cross-over 
distortion. Further, the device incorporates an original (and patented) short circuit protection system, 
comprising an arrangement for automatically limiting the dissipated power so as to keep to working 
point of the output transistors within their safe operating area. A conventional thermal shut-down 
system is also included. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


±22 


V 


Vi 


Input voltage 


Vs 




v, 


Differential input voltage 


± 15 


V 


lo 


Output peak current (internally limited) 


3.5 


A 


Ptot 


Power dissipation at Tease ^ 75°C 


25 


W 


Tstg / Tj 


Storage and junction temperature 


-40 to 150 


°c 



ORDERING NUMBERS: TDA 2020 A82 dual in-line plastic package 

TDA 2020 A92 quad in-line plastic package 

TDA 2020 AC2 dual in-line plastic package with spacer 

TDA 2020 AD2 quad in-line plastic package with spacer 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION AND SCHEMATIC DIAGRAMS 

(top view) 



•SUPPLY VOLTAGE 1 



-SUPPLY VOLTAGES 



-SUPPLV VOLTAGES 




2 POWER LIMITING 
1 NC 

10 COMPENSATION 
9 COMPENSATION 

8 INVERTING INPUT 



The copper slug is electrically 
connected to pin 5 (substrate) 




TEST CIRCUIT 



0*Vs 




100>iF 

:c8i 






7ZI " ^^^D r(\ 



QluF ^ . 

C9 = f^^2 
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THERMAL DATA 



Rthj-case Thermal resistance junction-case 



max 3 



°C/W 
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ELECTRICAL CHARACTERISTICS 

(Refer to the test circuit, Vg = ± 17V, Tamb ~ 25°C unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 




± 5 




± 22 


V 


Id 


Quiescent drain current 


Vs = ± 22 V 




60 




nnA 


'b 


Input bias current 






0.15 




juA 


Vos 


Input offset voltage 






5 




mV 


•os 


Input offset current 






0.05 




mA 


Vos 


Output offset voltage 






10 


100 


mV 


Po 


Output power 


d = 1% G^= 30 dB 

Tease <^0°C 

f = 40to 15 000 Hz 

Vs= ± 17V Rl= 4^ 
Vs= ± 18V Rl= 4^2 
Vs= ± 18V Rl= 8« 


15 


18.5 

20 

16.5 




W 
W 
W 


d = 10% Gv= 30 dB 
Tease <70°C f = 1 kHz 

Vs = ± 17V Ri_= 4 12 
Vg = ± 18V Ri_= 8 a 




24 
20 




W 
W 


Vi 


1 nput sensitivity 


Gv= 30dB f =1 kHz 
Po= 15 W 

Vs= ± 17V Rl= 4n 
Vg = ± 18V Rl= 8 a 




260 
380 




mV 
mV 


B 


Frequency response (-3 dB) 


Rl= 4 a C4= 68pF 


10 to 160 000 


Hz 


d 


Distortion 


Pq = 150mWto 15W 

Rl= 4 a Gv= 30dB 

Tease <70°C 

f = 1 kHz 

f = 40 to 15 000 Hz 




0.2 
0.3 


1 


% 
% 


Pq = 1 50 mW to 1 5W 
Vs= ± 18V Rl= 8 a 
G^= 30 dB Tease <70°C 

f = 1 kHz 

f = 40 to 1 5 000 Hz 




0.1 
0.25 




% 
% 


Ri 


Input resistance (pin 7) 






5 




Ma 


Gv 


Voltage gain (open loop) 


Rl= 4 a f = 1 kHz 




100 




dB 


Gv 


Voltage gain (closed loop) 


29.5 30 


30.5 


dB 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


gn 


Input noise voltage 


Rl= 4 

B(-3dB) = 10 to 20,000 Hz 




4 




mV 


'N 


Input noise current 




0.1 




nA 


SVR 


Supply voltage rejection 


Rl= 4n Gv= 30dB 
f ripple = 100 Hz 




50 




dB 


'd 


Drain current 


Pq = 18.5W Rl= 4^2 




1 




A 


Po = 16.5W Vs = ± 18V 

Rl= sn 




0.7 




A 


Tsd 


ThermaUhut-down 
junction temperature 






140 




°c 


Tsd 


Thermal shut-down case 


D = IK K\M 

■ XOl 




105 




°C 



Fig. 1 - Output power vs. 
supply voltage 



Fig. 2 - Output power vs. 
supply voltage 



Fig. 3 - Distortion vs. output 
power 
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Fig. 4 - Distortion vs. output 
power (Rl = 4 n) 
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Fig. 5 - Distortion vs. output 
power (Ri_ = 8 n) 
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Fig. 6 - Distortion vs. fre- 
quency 
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Fig. 7 - Output power vs. 
frequency 
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Fig. 8 - Sensitivity vs. output 
power (Rl = 4 12) 
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Fig. 9 - Sensitivity vs. output 
power (Rl "=8 a) 
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Fig. 10 - Open loop frequen- 
cy response with different 
values of the rolloff capaci- 
tor C4 
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Fig. 11 - Value of C4 vs. 
voltage gain for different 
bandwidths 
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Fig. 12 - Quiescent current 
vs. supply voltage 
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Fig. 13 - Supply voltage 
rejection vs. voltage gain 
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Fig. 14 - Power dissipation 
and efficiency vs. output 
power 



Fig. 15 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 
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APPLICATION INFORMATION 

Fig. 16 - Application circuit with split power supply 
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Fig. 17 - P.C. Board and component layout for the circuit of fig. 16 (1:1 scale) 
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Fig. 18 - SOW bridge amplifier configuration with split power supply (Rl = 8 ri d < 1% ; Vg =± 17V) 
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SHORT CIRCUIT PROTECTION 

The most important innovation in the TDA 2020 is an original circuit which limits the current of the 
output transistors. Fig. 19 shows that the maximum output current is a function of the collector-emitter 
voltage, hence the output transistors work within their safe operating area (fig. 20). This function can 
therefore be considered as being peak power limiting rather than simple current limiting. The TDA 2020 
is thus protected against temporary overloads or short circuit. Should the short circuit exists for a longer 
time, the thermal shut-down comes into action and keeps the junction temperature within safe limits. 



Fig. 19 - Maximum output 
current vs. voltage (Vqe) 
across each output transistor 



Fig. 20 - Safe operating area and collector 
characteristics of the protected power 
transistor 
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THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) an overload on the output (even if it is permanent), or an above-limit ambient temperature can be 
easily supported since the Tj cannot be higher than 150°C 

2) the heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. 

If, for any reason, the junction temperature Increases up to 1^0° C, the thermal shut-down simply redu- 
ces the power dissipation and the current consumption. 
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Fig. 21 - Output power and 
drain current vs. case tempe- 
rature (Rl = 8 ii) 
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Fig. 22 - Output power and 
drain current vs. case tempe- 
rature (Rl. = 4 i2) 
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Fig. 23 - Maximum allowa- 
ble power dissipation vs. 
ambient temperature 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by 
adding an external heatsink as shown in figs. 24 and 25. 
The system for attaching the heatsink is very simple: it 
uses a plastic spacer which is supplied with the device. 
Thermal contact between the copper slug (of the package) 
and the heatsink is guaranteed by the pressure which the 
screws exert via the spacer and the printed circuit board; 
this is due to the particular shape of the spacer. 
Note: the most negative supply voltage is connected to 

the copper slug, hence to the heatsink (because 

it is in contact with the slug). 



Fig. 25 - Cross-section of mounting system 



Fig. 24 - Mounting system of TDA 2020 
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LINEAR INTEGRATED CIRCUIT 



40W AUDIO DRIVER 

• HIGH SUPPLY VOLTAGE: ± 25V 

• HIGH SUPPLY REJECTION: 80 dB 

• PROGRAMMABLE SOA PROTECTION 

• LOW DISTORTION (0.05% TYP.) 

• LOW INPUT NOISE VOLTAGE (4 juV TYP.) 

The TDA 2020D is a monolithic integrated operational amplifier in a 14 lead quad in-line plastic-pack- 
age, intended for driving external power transistors in Hi-Fi amplifier (30 to 100W). This device incor- 
porates an original (and patented) short circuit protection system, comprising an arrangement for 
automatically limiting the dissipated power so as to keep the working point of the external transistors 
within their safe operating area. A thermal shut-down system is also included. This thermal shut-down 
can also protect the external power transistors. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


±25 


V 


V. 


Input voltage 


Vs 




Vi 


Differential input voltage 


±15 


V 


lo 


Output peak current 


1 


A 


Ptot 


Power dissipation at T^ase ^ 75°C 


25 


W 


Tstg»Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: 



TDA 2020D A82 dual in-line plastic package 

TDA 2020D A92 quad in-line plastic package 

TDA 2020D AC2 dual in-line plastic package with spacer 

TDA 2020D AD2 quad in-line plastic package with spacer 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION AND SCHEMATIC DIAGRAMS 

(top view) 



•SUPPLY VOLTAGE 1 



-SUPPLY VOLTAGES 



-SUPPLY VOLTAGES 




12 POWER LIMITING 

11 NC 

10 COMPENSATION 

9 COMPENSATION 

8 INVERTING INPUT 



The copper slug is electrically 
connected to pin 5 (substrate) 




TEST CIRCUIT 



v.O 




THERMAL DATA 



Rth j-case Thermal resistance junction-case 



°C/W 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Vs= ±20V, Tamb= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




± 5 




± 25 


V 


Id Quiescent drain current 


Vs = ±25V 




40 


80 


mA 


lb Input bias current 






0.15 




mA 


Vqs Input offset voltage 






5 




mV 


1 OS 1 nput offset cu rrent 






0.05 




mA 


Vqs Output offset voltage 






10 


100 


mV 


VcE(sat) Output saturation voltage 


lo = 0.5A 




± 1.7 


±2 


V 


3 hrequency response (-3 dB) 


lo = 0.5A 


10 to 160 000 


Hz 


d Distortion 


Gv=30dB lo = 0.5A 
f = 1 kHz 
f-40to 15 000 Hz 




0.05 
0.2 


0.3 


% 
% 


Intermodulation 


DIN 45500 




0.2 




% 


Rj Input resistance (pin 7) 






5 




MO 


Gy Voltage gain (open loop) 


f = 1 kHz 




100 




dB 


Gy Voltage gain (closed loop) 


29.5 


30 


30.5 


dB 


e|\j Input noise voltage 


B (~3dB) = 10 to 20 000 Hz 




4 




fiV 


i|sj Input noise current 




0.1 




nA 


SVR Supply voltage rejection 


fripple=100Hz 0^= 30 dB 


35 


50 




dB 


Id Drain current 


Po = 4.5W RL=36r2 
Po = 2W RL=36n 




160 
100 




mA 
mA 


Tgcj Thernnal shut-down junction 
tennperature 






145 




°C 


Ts(-j Thermal shut-down case 
tennperature 


Ptot= 5W 




135 




°C 
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Fig. 1 -Quiescent current vs. 
supply voltage 
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Fig. 2 - Output current vs. 
VcE(sat) ^ ^^^^ 
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Fig. 3 - Power dissipation 
vs. supply voltage 
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Fig. 4 - Open loop fre- 
quency, response with dif- 
ferent values of the rolloff 
capacitor 
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Fig. 5 - Value of rolloff 
capacitor vs. voltage gain 
for different bandwidths 
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Fig. 6 - Supply voltage 
rejection vs. voltage gain 
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Fig. 7 - Transient response 
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Fig. 8 - Output current vs. 
case temperature 
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APPLICATION INFORMATION 

Fig. 9 - Application circuit for Po= 30 to 50W 




Note: 

Resistors R9, Sk^, R11 and R12 are 
optional. Their puiFpose is to change the 
allowable operating area of the output 
transistors (see fig. 23). 
The designer can choose different values 
according to working conditions (Vg, 
Rl_) and to the SOA of the external 
transistors. When these resistors are not 
used the application circuit is modified 
as follows: 

a) R7, R8 arechanged to 25mfi. 

b) R10, R12 are substituted by a short 
circuit. 



Fig. 10 - P.C. board and component layout for the circuit of fig. 9 (1:1 scale) 
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OND 
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C3 



R3 



m 



NPN 



M 



\^ 



\ 










OOL 



GND 




1 V*, X 



C 5- 0086 



GND 



Po 


SOW 


40W 


±Vs 


18V 


20V 


R9/R11 


- 


2.2 kn 


R10/R12 


4.7n 


4.7« 


Q1 


BD707 

or 

BDW21A 


BD907 

or 

BDW21A 


Q2 


BD708 

or 

BDW22A 


BD908 

or 

BDW22A 



Note: 

If resistors R9. RIO, R11 and R12 are not 
used, R7 and R8 must be 25 mf2. The fol- 
lowing table shows what length of wire 
(copper and constantan) is required to obtain 
a resistor of 25 mil for different values of 0. 



(nnm) 


1 


0.8 


0.7 


0.5 


0.4 


0.3 


1 (mm) 
copper 


- 


- 


570 


290 


180 


100 


1 (mm) 
constantan 


40 


25 


20 


10 


6.5 


- 
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Application suggestions 

The recommended values of the components are those shown in application circuit of fig. 9, although 
different values can be used. The following table may help the amplifier designers. 



Component 


Recomm. 
value 


Purpose 


Larger than 
recommended value 


Smaller than 
recommended value 


01 


0.1 nF 


Elimination of DO 
current on volume 
control 


Reduced lower cutoff 
frequency 


Increased lower 
cutoff frequency 


02 


lOjuF 


To obtain DO gain 
equal to 1 


Reduced lower cutoff 
frequency 


Increased lower 
cutoff frequency 


03 and 04 


0.1 /uF 


Frequency 
stabilization 




Danger of 
oscillations 


05 


15 pF 


Upper frequency 
cutoff 


Reduced upper 
cutoff frequency 


Increased upper 
cutoff frequency 


06 


0.1 juF 


Frequency 
stabilization 




Danger of 
oscillation 


07 


270 pF 


Oompensation 




Danger of 
oscillations 


R1 


100 kn 


Closed loop gain 
determination 


Larger closed loop gain 


Smaller closed loop 
gain 


R2 


3.3 kn 


Closed loop gain 
determination 


Smaller closed loop 
gain 


Larger closed loop 
gain 


R3 


R1 


Input bias 


Output DO offset 
variation 


Output DC offset 
variation 


R4 


3.9 12 


External power 
transistor driving 


Danger of distortion 


Increased load for 
the driver 


R5 


1 n 


Frequency 
stabilization 


Danger of oscillations 


Danger of oscillations 


R6 


39012 


Oompensation 






R7andR8 


50ml2 


Current protection 
sensing 


Reduced maximum 
output current value 


Increased maximum 
output current value 


R9,R10,R11,R12 


see Fig. 23 


Q1 -Q2 


BD 707 - BD 708 or BD 907 - BD 908 or BDW 21 A - BDW 22A 


D1 


BA128 


Short circuit prot. 
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Fig. 11 - Output power vs. 
supply voltage 
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Fig. 12 - Output power vs. 
supply voltage 
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Fig. 13 - Distortion vs. out- 
put power 
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Fig. 14 - Distortion vs. out- 
put power 







































Vs =<20V 
RL=An 
f =1kHz 
G, =30dB 
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Fig. 15 - Distortion vs. 
frequency 
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Fig. 16 - Input sensitivity 
vs. ouTpui power 
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Fig. 17 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 
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Fig. 18 - Power dissipation 
and efficiency vs. output 
power 
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Fig. 19 - 60W to 100W bridge configuration application circuit 




Note: With a bridge configuration the output power 
is increased while the other performances are 
the same as that of the application in fig. 9. 
The table shows the output power that can be 
obtained using different power transistor pairs. 



fQI = BDW21A 

iQ2 = BDW22A; Vs= ±15V; Rl= 4a • 60W 

[Q1 = BD707 

lQ2= BD708;Vs=±20V;RL=8n • SOW 

fQI = BDW51A 

iQ2 = BDW52A; V5= ±18V; Rl= 4i7 • 100W 



Fig. 20 - SOW Hi-Fi amplifier 




For this application the maximum value of Vg in no-load condition is ± 45V. 
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Application suggestions for circuit in fig. 20 

Using the two circuits shown in fig. 21 and fig. 22 it is possible 

to use a transformer with a large spread of output voltage 

between load and no-load condition. 

The voltage on pins 1 and 5 follows Vq according to the 

equations: 



Vi=Vo+(Vs-Vo) 
V.= V. - (Vs + Vo) 



R2 



R1 + R2 
R2 



-2Vbe 
+ 2Vbe 



R1 + R2 
while the voltage between pins 1 and 5 is a constant. In fact: 

2 R2 



V, 5=Vi-V5 



Rl + R2 



■-4Vbe 



Vj.s must not exceed 50V and then the maximum value of Vg 
in no-load condition will be: 



Vsmax=(50 + 4VBE) 



R1 + R2 
2 R2 



The minimum value of Vg depends on the output power 
requested and will be: 



Vs(mm)= Vl + VcE(sat) with Vl= V2PoRl 

Resistance R2 must be greater than R1 to guarantee a positive 
voltage on pin 1 and a negative voltage on pin 5 for correct 
working of TDA 2020D. 



Fig. 21 



O^s 




Note 1 — Between pins 1 and 5 a ceramic capacitor must be inserted 
to guarantee good stability. 

Note 2 — It is possible to insert an electrolytic capacitor (10 juF) 
between pin 1 and GND and between pin 5 and GND, but 
in this case the maximum output voltage mustbe Vpeak~23V. 



With the circuit in fig. 22 the voltage at pins 1 and 5 is kept 
constant by two zener diodes. In load conditions a current 
equal to lo= l/jS flows in R; the value of R is then given by 

CE- BE/_|5 ,1^ no-load condition, if AV is the in- 



Fig. 22 



R = 



I 



crease in the supply voltage, the zener diodes dissipate a 
power depending on AV and |3 according to the equation: 



Pz= V, • U = V, 



AV 
R 



= V, 



AV ' i 
/3(Vce-Vbe) 




0*Vs 



Vo TO OUTPUT 
>- POWER 

TRANSISTORS 
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SHORT CIRCUIT PROTECTION 

The most important innovation in the TDA 2020D is an original circuit which limits the current of the 
output transistors. Fig. 23 shows that the maximum output current is a function of the collector-emitter 
voltage; hence the output transistors work within their safe operating area (fig. 24). This function can 
therefore be considered as being peak power limiting rather than simple current limiting. 
By choosing the appropriate values for R9, R10, R11, R12, (fig. 9) the maximum output current can be 
established as a function of the SOA of the output parameters being used. 



Fig. 23 - Maximum output 
current vs. voltage [Vce(sat)] 
across one output transistor, 
for different values of RIO 
(typical application circuit) 
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Fig. 24 - Safe operating area and collector 
characteristics of the protected power 
transistor 




Second breakdown 
area , 



THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) An overload on the output (even if it is permanent) or an above-limit ambient temperature can be 
easily withstood since the Tj cannot be higher than 150°C. 

2) The heatsink can have a smaller safety factor than a conventional circuit. There is no possibility of 
device damage due to high junction temperature. 

If, for any reason, the junction temperature increases up to 150°C, the thermal shut-down simply 
reduces the power dissipation and the current consumption. 

The thermal protection unit of the TDA 2020D will also provide thermal protection of the output 
transistors if they are mounted on the same heatsink as the I.C. 
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MOUNTING INSTRUCTIONS 

Fig. 25 - Mounting system of TDA 2020D 



Fig. 26 - Cross-section of mounting system 



HEATSINK 
R,h = I2^°C/W 





Fig. 27 - Maximum allow- 
able power dissipation vs. 
ambient temperature 



The power dissipated in the circuit must be removed by adding 

an external heatsink as shown in figs. 25 and 26. 

The system for attaching the heatsink is very simple: it uses a 

plastic spacer which is supplied with the^device. 

Thermal contact between the copper slug (of the package) and 

the heatsink is guaranteed by the pressure which the screws 

exert via the spacer and the printed circuit board; this is due to 

the special shape of the spacer. 



Note: The most negative supply voltage is connected to the copper slug, 
hence to the heatsink (because it is in contact with the slug). 



r-i 


-1 


-1 


-1 






-1 


n 




-1 


n 




-1 


r 




rn 




^ 




ii 










































































































































































































































































4- 










































(--<!. 


s> 










^ 
























\ 


,^^>w^^<s 








<* 












I 












N 


\^'^ 


















S^ 


4^o 




n 


s' 


'^Tx'h 


1 \^ 










^^/v 


-V 

E 


vj 


<.^%rA^\ 










^ 


^ 


t 




S 


1 


? 
^ 


^ 


- 




- 




- 






-Uc 


vTH^ 


^^'^ 










1 
















Lij 1 






^ 



50 100 Tamb^C) 



710 



LINEAR INTEGRATED CIRCUIT 



14W Hi-Fi AUDIO AMPLIFIER 



.® 



The TDA 2030 is a monolithic integrated circuit in Pentawatt^ package, intended for use as a low 
frequency class AB amplifier. Typically it provides 14W output power (d = 0.5%) at ± 14V/4n; at 
± 14V the guaranteed output power is 12W on a 4n load and 8W on a 812 (DIN 45500). The TDA 2030 
provides high output current and has very low harmonic and cross-over distortion. Further the device 
incorporates an original (and patented) short circuit protection system comprising an arrangement for 
automatically limiting the dissipated power so as to keep the working point of the output transistors 
within their safe operating area. A conventional thermal shut-down system si also included. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


± 18 


V 


Vi 


Input voltage 


Vs 




Vi 


Differential input voltage 


± 15 


V 


lo 


Output peak current (internally limited) 


3.5 


A 


Ptot 


Power dissipation at Tease ^ 90°C 


20 


W 


T^gJ, 


Storage and junction temperature 


-40 to 150 


°c 



ORDERING NUMBERS: TDA 2030 H; TDA 2030 V 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 




> INVERTING INPUT 
> NON INVERTING INPUT 



tab connected to pin 3 



SCHEMATIC DIAGRAM 




TEST CIRCUIT 
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THERMAL DATA 



RthjH 



Thermal resistance junction-case 



°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V^ 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




±6 




± 18 


V 


\^ Quiescent drain current 


Vs = ± 18V 




40 


60 


mA 


lb Input bias current 




0.2 


2 


mA 


Vqs 1 nput offset voltage 




±2 


±20 


mV 


'o5 1 nput offset current 




±20 


± 200 


nA 


Pq Output power 


d = 0.5% Gv= 30 dB 
f = 40to 15 000 Hz 
RL=4n 
RL=8n 


12 
8 


14 
9 




W 
W 


d = 10% Gv=30dB 

f =1 kHz 

RL=4n 

RL=8n 




18 
11 




W 
W 


d Distortion 


Po=0.1 to12W 

RL=4n Gv=30dB 

f = 40to 15 000 Hz 




0.2 


0.5 


% 


Po = 0.1 toSW 

RL=8f2 Gv=30dB 

f = 40 to 15 000 Hz 




0.1 


0.5 


% 


B Power Bandwidth 
(-3 dB) 


Gv=30dB 

Po=12W RL=4n 


10 to 140 000 


Hz 


Rj Input resistance (pin 1) 




0.5 


5 




Win 


Gv Voltage gain (open loop) 






90 




dB 


Gv Voltage gain (closed loop) 


f = 1 kHz 


29.5 


30 


30.5 


dB 


eivj Input noise voltage 


B = 22 Hz to 22 KHz 
RL=4n 




3 


10 


juV 


ijvj Input noise current 




80 


200 


pA 


SVR Supply voltage rejection 


RL=4n Gv=30dB 
Rg= 22 kO. 
Vripple= 0.5 Vgff 
fripple=100Hz 


40 


50 




dB 


Icj Drain current 


Po=14W RL=4n 
Po= 9W Hi_=Sn 




900 
500 




mA 
mA 


Tj Thernnal shut-down junction 
temperature 






145 




°C 
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Fig. 1 - Output power vs. 
supply voltage 
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Fig. 4 -Distortion vs. output 
power 
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Fig. 2 - Output power vs. 
supply voltage 



— 


— 


— 


— 


— 


— 


r 


~ 


— 




i 


^— 


^.^ 


-" 




















■" j"T T""rn 




















r"r"' 


! 


















-— 


^ 


aa! 


! 






f- 


0'/: T^" 

kHz 












/' 






1 ^^ 
















/ 






] 
















/ 






8111 


[ : 












/ 






/ 


' ! 


; 










/ 






A 


' 




; ^ T ; 










/ 




/ 




„..„ 










/ 


/ 




/ 














/ 


^ 


y' 












J 




! 






X 




















-f-- 




















! 



10 12 1A 16 



Fig. 5 - Distortion vs. output 
power 
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Fig. 3 - Distortion vs. output 
power 
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Fiq. 6 - Distortion vs. fre- 
quency 
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Fig. 7 - Distortion vs. fre- 
quency 
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Fig. 8 - Frequency response 
with different values of the 
rolloff capacitor C8 (see 
fig. 13) 




Fig. 9 - Quiescent current 
vs. supply voltage 
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Fig. 10 - Supply voltage 
rejection vs. voltage gain 
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Fig. 11 - Power dissipation 
and efficiency vs. output 
power 



Fig. 12 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation) 
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APPLICATION INFORMATION 



Fig. 13 - Typical amplifier 
with split power supply 



Fig. 14 - P.C. board and component layout for 
the circuit of fig. 13(1:1 scale) 
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APPLICATION INFORMATION (continued) 



Fig. 15 - Typical amplifier 
with single power supply 



Fig. 16 - P.C. board and component layout for 
thecircuit of fig. 15 (1:1 scale) 
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Fig. 17 - Bridge amplifier configuration with split power supply (Po= 28W, Vs= ±14V) 
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APPLICATION INFORMATION (continued) 

Fig. 18 - P.C. board and component layout for the circuit in fig. 17(1:1 scale) 
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Fig. 19 - Two-way 22W Hi-Fi active-box 
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PRACTICAL CONSIDERATIONS 

Printed circuit board 

The layout shown in fig. 16 should be adopted by the designers. If different layouts are used, the ground 
points of input 1 and input 2 must be well decoupled from the ground return of the output in which a 
high current flows. 

Assembly suggestion 

No electrical isolation is needed between the package and the heatsink with single supply voltage con- 
figuration. 

Application suggestions 

The recommended values of the components are those shown on application circuit of fig. 13. Different 
values can be used. The following table can help the designer. 



Component 


Recomm. 
value 


Purpose 


Larger than 
recommended value 


Smaller than 
recommended value 


R1 


22kJ2 


Closed loop gain 
setting 


Increase of gain 


Decrease of gain 


R2 


680 n 


Closed loop gain 
setting 


Decrease of gain 


Increase of gain 


R3 


22 k^ 


Non inverting input 
biasing 


Increase of input 
impedance 


Decrease of input 
impedance 


R4 


1 n 


Frequency stability 


Danger of oscillat. at 
high frequencies 
with induct, loads 




R5 


^ 3 R2 


Upper frequency 
cutoff 


Poor high frequen- 
cies attenuation 


Danger of 
oscillation 


01 


ImF 


Input DC 
decoupling 




Increase of low fre- 
quencies cutoff 


C2 


22 m F 


Inverting DO 
decoupling 




Increase of low fre- 
quencies cutoff 


C3,C4 


0.1 mF 


Supply voltage 
bypass 




Danger of oscil- 
lation 


C5,C6 


IOOmF 


Supply voltage 
bypass 




Danger of oscil- 
lation 


C7 


0.22 mF 


Frequency stability 




Danger of oscillat. 


08 


1 


Upper frequency 
cutoff 


Smaller bandwidth 


Larger bandwidth 


- 27r B R1 


D1,D2 


1 N4001 


To protect the device against output voltage spikes 
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SHORT CIRCUIT PROTECTION 

The TDA 2030 has an original circuit which limits the current of the output transistors. Fig. 20 shows 
that the maxinnum output current is a function of the collector emitter voltage; hence the output 
transistors work within their safe operating area (fig. 21). This function can therefore be considered 
as being peak power limiting rather than simple current limiting. The TDA 2030 is thus protected 
against temporary overloads or short circuit. Should the short circuit exist for a longer time, the thermal 
shut-down protection keeps the junction temperature within safe limits. 



Fig. 20 - Maximum output 
current vs. voltage [VcEsatl 
across each output transitor 



Fig. 21 - Safe operating area and 
collector characteristics of the pro- 
tected power transistor 




THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) An overload on the output (even if it is permanent), or an above limit ambient temperature can be 
easily supported since the Tj cannot be higher than 150°C. 

2) The heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. If for any reason, the junction 
temperature increases up to 150°C, the thermal shut-down simply reduces the power dissipation and 
the current consumption. 

The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its ther- 
mal resistance); fig. 24 shows this dissipable power as a function of ambient temperature for different 
thermal resistance. 
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Fig. 22 - Output power and 
drain current vs. case tem- 
perature (Rl = 4a) 
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Fig. 23 - Output power and 
drain current vs. case tem- 
perature (Rl = 8ri) 
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Fig. 24 - Maximum allowa- 
ble power dissipation vs. 
ambient temperature 
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Fig. 25 - Example of heat-sink 



HOLE FOR PARKER SCREW 






Dimension : suggestion. 

The following table shows the length 
that the heatsink in fig. 25 must have for 
several values of Ptot and Rth- 



Ptot(W) 


12 


8 


6 


Length of heatsink 

(mm) 


60 


40 


30 


Rth of heatsink 

rc/w) 


4.2 


6.2 


8.3 
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LINEAR INTEGRATED CIRCUIT 
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PRELIMINARY DATA 



18W Hi-Fi AMPLIFIER AND SOW DRIVER 

The TDA 2030A is a monolithic IC in Pen tawatt® package intended for use as low frequency class AB 
amplifier. 

With Vg max" 44V it is particularly suited for more reliable applications without regulated supply and 
for 30W driver circuits using low-cost complementary pairs. 

The TDA 2030A provides high output current and has very low harmonic and cross-over distortion. 
Further the device incorporates a short circuit protection system comprising an arrangement for automa- 
tically limiting the dissipated power so as to keep the working point of the output transistors within 
their safe operating area. A conventional thermal shut-down system is also included. 



ABSOLUTE MAXIMUM RATINGS 



Vs 

Vi 
Vi 
lo 

Ptot 
Tstg 



Tj 



Supply voltage 

Input voltage 

Differential input voltage 

Peak output current 

Total power dissipation at Tcase= 90°C 

Storage and junction temperature 



±22 


V 


Vs 




± 15 


V 


3.5 


A 


20 


W 


■40 to 150 


°C 



ORDERING NUMBER: TDA 2030AV 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 



TEST CIRCUIT 




> OUTPUT 



> INVERTING INPUT 
> NON INVERTING INPUT 



O^Vs 



ViCH 




THERMAL DATA 



Rth j-case Thermal resistance junction-case 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Vs= +16V, 7^^^= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




±6 




± 22 


V 


Id Quiescent drain current 






50 


80 


mA 


lb Input bias current 


Vs = ± 22V 




0.2 


2 


mA 


Vqs Input offset voltage 




± 2 


±20 


mV 


Iqs Input offset current 






±20 


±200 


nA 


Pq Output power 


d = 0.5% Gv = 26 dB 
f = 40to 15000 Hz 

RL=4n 

RL=8n 


15 
10 


18 
12 




W 


Vs = ±19V RL=8n 


13 


16 




BW Power bandwidth 


Po=15W Rx_=4n 




100 




KHz 


SR Slew Rate 






8 




V/Msec 


Gy Open loop voltage gain 


f = 1 KHz 




80 




dB 


Gy Closed loop voltage gain 


25.5 


26 


26.5 


dB 


d Total harmonic distortion 


Po=0.1 to 14W 

RL=4n 
f = 40to 15000 Hz 

f = 1 KHz 




0.08 
0.03 




% 


Po = 0.1 to9W 

RL=8n 
f = 40to 15000 Hz 




0.05 




% 


d2 Second order CC IF 

intermodulation distortion 


Po=4W 
RL=4r2 

fl= 14 KHz 
f2= 15 KHz 


f2-fi = 1 KHz 




0.03 




% 


d3. Third order CCIF 

intermodulation distortion 


2fi-f2= ISKHz 




0.08 




% 


Cm Input noise voltage 


B = curve A 




2 




mV 


B = 22 Hz to 22 KHz 




3 


10 


iisi Input noise current 


B = curve A 




50 




pA 


B = 22 Hz to 22 KHz 




80 


200 


S/N Signal to noise ratio 


RL=4n 
Rg= 10Kr2 
B = curve A 


Po=15W 




106 




dB 


Po = 1W 




94 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Rj Input resistance (pin 1) 


(open loop) f = 1 KHz 


0.5 


5 




Mn 


SVR Supply voltage rejection 


RL=4n Gv=26dB 
Rg==22Kn f=100Hz 




54 




dB 


Tj Thermal shut-down junction 
temperature 






145 




°C 



Pin 1 _ Qirroln 



., v....,^.. 



inO- 



100 
2.2^mF 



[^100 ^1 



J220ajF |0-1/jF 



2[1N4001 



^ hioo -L Mm n Rl=a/i 

■^-J- ^2.2 pF ^IF^X 



Fig. 2 - Open loop-fre- 
quency response 



Fig. 3 - Output power vs. 
supply voltage 
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Test using noise filters. 
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Fig. 4 - Total harmonic 
distortion vs. output power (* 
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Fig. 5 - Two tone CCIF 
intermodulation distortion 
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Fig. 6 - Large signal fre- 
quency response 
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Fig. 7 - Maximum allowable 
power dissipation vs. am- 
bient temperature 
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Fig. 8 - Split-supply high power amplifier (TDA 2030A + BD907/BD908) 
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Fig. 9 - Single supply high power amplifier (TDA 2030A + BD907/BD908) 
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Fig. 10 - P.C. board and component layout for the circuit of fig. 9 (1 :1 scale) 



BD307 



R 7 



TDA203:)A 



r : ,. tj 



BD90a 




^A jR5 jR3 



T 




©©r®©!®® \ 



6 6 7^ 6 6 



GND IN 



GND +Vc 



Typical performance of the circuit of fig. 9 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 






36 


44 


V 


Id Quiescent drain current 


Vs = 36V 




50 




mA 


Pq Output power 


d = 0.5% 
RL=4r2 
f = 40Hzto 15KHZ 


Vs= 39V 




35 




W 


Vs= 36V 




28 




d = 10%; f = IKHz 
Rl_=4n 


Vs= 39V 




44 




W 


Vs= 36V 




35 




G^ Voltage gain 


f = 1 KHz 


19.5 


20 


20.5 


dB 


SR Slew Rate 






8 




V/jLxsec 


d Total harmonic distortion 


f = IKHz 




0.02 




% 


Pq- 20W 

f = 40 Hz to 15 KHz 




0.05 




Vj Input sensitivity 


Gv=20dB f = 1 KHz 
Po=20W R|_=4n 




890 




mV 


S/N Signal to noise ratio 


RL=4n 
Rg=10Kn 
B = curve A 


Po= 25W 




108 




dB 


Po=4W 




100 
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Fig. 1 1 - Output power vs. 
supply voltage 
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Fig. 12 - Total harmonic 
distortion vs. output power 



TDA2030A 
BD907-BD908 






















Vs=36 V 
Gv=20dB 

1 1 
































































f = 15KH2 




^ 










f=1K 












Hz 




^ 










i 





Fig. 13 - Output power vs. 
input level 
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Fig. 14 - Power dissipation 
vs. output power 
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Fig. 15 - Typical amplifier whit split power supply 
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Fig. 16 - P.C. board and component layout for the circuit of fig. 15(1:1 scale) 
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Fig. 17 - Bridge amplifier whit split power supply {Po= 34W, Vs= ±16V) 
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Fig. 18 - P.C. board and component layout for the circuit in fig. 17 (1:1 scale) 
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Multiway speaker systems and active boxes 

Multiway loudspeaker systems provide the best possible acoustic performance since each loudspeaker is 
specially designed and optimized to handle a limited range of frequencies. Commonly, these loudspeaker 
systems divide the audio spectrum into two or three bands. 

To maintain a flat frequency response over the Hi-Fi audio range the bands covered by each louds- 
peaker must overlap slightly. Imbalance between the loudspeakers produces unacceptable results there- 
fore it is important to ensure that each unit generates the correct amount of acoustic energy for its seg- 
ment of the audio spectrum. In this respect it is also important to know the energy distribution of the 
music spectrum to determine the cutoff frequencies of the crossover filters (see fig. 19). As an example, 
a 100W three-way system with crossover frequencies of 400 Hz and 3 KHz would require BOW for the 
woofer, 35W for the midrange unit and 15W for the tweeter. 

Both active and passive filters can be used for crossovers but today active filters cost significantly less 
than a good passive filter using air-cored inductors and non-electrolytic capacitors, in addition, active 
filters do not suffer from the typical defects of passive filters: 

— power loss 

— increased impedance seen by the loudspeaker (lower damping) 

— difficulty of precise design due to variable loudspeaker impedance. 



Fig. 19 - Power distribution 
vs. frequency 
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Fig. 20 - Active power filter 
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Obviously, active crossovers can only be used if a power amplifier is provided for each drive unit. 

This makes it particularly interesting and economically sound to use monolithic power amplifiers. 

In some applications, complex filters are not really necessary and simple RC low-pass and high-pass 

networks (6 dB/octave) can be recommended. 

The results obtained are excellent because this is the best type of audio filter and the only one free from 

phase and transient distortion. 

The rather poor out of band attenuation of single RC filters means that the loudspeaker must operate 

linearly well beyond the crossover frequency to avoid distortion. 

A more effective solution, named "Active Power Filter" by SGS is shown in fig. 20. 

The proposed circuit can realize combined power amplifiers and 12 dB/octave or 18 dB/octave high-pass 

or low-pass filters. 

In practice, at the input pins of the amplifier two equal and in-phase voltages are available, as required 

for the active filter operation. 

The impedance at the pin (-) is of the order of IOO12, while that of the pin (-1-) is very high, which is 

also what was wanted. 
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The component values calculated for fc = 900 Hz using a Bessel 3rd order Sallen and Key structure are: 



Ci = C2 = C3 


Ri 


R2 


R3 


22 nF 


8.2 Kn 


5.6 Ki7 


33 Kn 



Using this type of crossover filter, a complete 3-way 60W active loudspeaker system is shown in fig. 21. 

It employs 2nd order Buttherworth filters with the crossover frequencies equal to 300 Hz and 3 KHz. 

The midrange section consists of two filters, a high pass circuit followed by a low pass network. 

With Vs = 36V the output power delivered to the woofer is 25W at d = 0.06% (30W at d = 0.5%). 

The power delivered to the midrange and the tweeter can be optimized in the design phase taking in 

account the louspeaker efficiency and impedance (R|_ = 4n or Sn). 

It is quite common that midrange and tweeter speakers have an efficiency 3 dB higher than woofers. 



Fig. 21-3 way 60W active loudspeaker system (Vg = 36V) 



|2200ajF |0.22uF V IN 



,2200/jF 




730 



TDIiliili 



Musical instruments amplifiers 

Another important field of application for active systems is music. 

In this area the use of several medium power amplifiers is more convenient than a single high power 
amplifier, and it is also more reliable. 

A typical example (see fig. 22) consist of four amplifiers each driving a low-cost, 4n, 12 inch loud- 
speaker. This application can supply 80 to 160W rms. 

Similar output power can be obtained by a single amplifier using the "superbridge" circuit of fig.24.As 
shown in the diagram of fig. 16 this circuit can supply output power of 120W and more. 



Fig. 22 - High power active box for musical instrument 
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Fig. 23 - Output power vs. 
supply voltage (application 
circuit of fig. 24) 
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Fig. 24 - 120W "superbridge" power amplifier 
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Transient intermodulation distortion (TIM) 

Transient intermodulation distortion is an unfortunate phenomen associated with negative-feedbacl< 
amplifiers. When a feedback amplifier receives an input signal which rises very steeply, i.e. it contains 
high-frequency components, the feedback can arrive too late so that the amplifiers overloads and a burst 
of intermodulation distortion will be produced as in fig. 25. Since transients occur frequently in music 
this is obviously a problem for the designer of audio amplifiers. Unfortunately, heavy negative feedback 
is frequently used to reduce the total harmonic distortion of an amplifier, which tends to aggravate the 
transient intermodulation (TIM) situation. The best known method for the measurement of TIM consists 
of feeding sine waves superimposed onto square waves, into the amplifier under test. The output spec- 
trum is then examined using a spectrum analyser and compared to the input. This method suffers from 
serious disadvantages: the accuracy is limited, the measurement is a rather delicate operation and an 
expensive spectrum analyser is essential. A new approach (see Technical Note 143) applied by SGS to 
monolithic amplifiers measurement is fast cheap-it requires nothing more sophisticated than an oscillo- 
scope — and sensitive — and it can be used down to the values as low as 0.002% in high power amplifiers. 
The "inverting-sawtooth" method of measurement is based on the response of an amplifier to a 20 KHz 
sawtooth waveform. The amplifier has no difficulty following the slow ramp but it cannot follow the 
fast edge. The output will follow the upper line in fig. 26 cutting of the shaded area and thus increasing 
the mean level. If this output signal is filtered to remove the sawtooth, a direct voltage remains which 
iiiuiudleb liie diiiuudl uT Tim dibLorLJon, ai though ii is difficuii to measure because ii is indistinguishable 
from the d.c. offset of the amplifier. This problem is neatly avoided in the IS-TIM method by periodi- 
cally inverting the sawtooth waveform at a low audio frequency as shown in fig. 27. In the case of the 
sawtooth in fig. 26 the mean level was increased by the TIM distortion, for a sawtooth in the other 
direction the opposite is true. 



Fig. 25 - Overshoot phenomenon in feed- 
back amplifiers 



Fig. 26 - 20 KHz sawtooth waveform 
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Fig. 27 - Inverting sawtooth waveform 
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The result is an a.c. signal at the output whose peak-to-peak value is the TIM voltage, which can be 
measured easily with an oscilloscope. 

If the peak-to-peak value of the signal and the peak-to-peak of the inverting sawtooth are measured, 
the TIM can be found very simply from: 



TIM = 



^sawtooth 



100 
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In fig. 28 the experimental results are shown for the 30W amplifier using the TDA2030A as a driver and 

a low-cost complementary pair. 

The measured performances are perfectly suitable for Hi-Fi systems. 

A simple RC filter on the input of the amplifier to limit the maximum signal slope (SS) is an effective 

way to reduce TIM. 

The diagram of fig. 29 originated by SGS can be used to find the Slew-Rate (SR) required for a given 

output power or voltage and a TIM design target. 

For example if an anti-TIM filter with a cutoff at 30 KHz is used and the max. peak-to-peak output 

voltage is 20V then, referring to the diagram, a Slew-Rate of 6V//xS is necessary for 0,1% TIM. 

As shown Slew-Rates of above lOV/jUS do not contribute to a further reduction in TIM. 

Slew-Rates of lOOV/jLtS are not only useless but also a disadvantage in Hi-Fi audio amplifiers because 

they tend to turn the amplifier into a radio receiver. 



Fig. 28 - TIM distortion vs. 
output power 
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Fig. 29 - TIM design dia- 
gram (fc= 30 KHz) 
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Power supply 

Using monolithic audio amplifier with non-regulated supply voltage it is important to design the power 
supply correctly. In any working case it must provide a supply voltage less than the maximum value 
fixed by the IC breakdown voltage. 

It is essential to take into account all the working conditions, in particular mains fluctuations and supply 
voltage variations with and without load. 

The TDA 2030A (Vj max= 44V) is particularly suitable for substitution of the standard IC power ampli- 
fiers (with Vs max= 36V) for more reliable applications. 

An example, using a simple full-wave rectifier followed by a capacitor filter, is shown in the table and in 
the diagram of fig. 30. 

A regulated supply is not usually used for the power output stages because of its dimensioning must be 
done taking into account the power to supply in the signal peaks. They are only a small percentage of 
the total music signal, with consequently large overdimensioning of the circuit. 

Even if with a regulated supply higher output power can be obtained (Vj is constant in all working con- 
ditions), the additional cost and power dissipation do not usually justify its use. Using non-regulated 
supplies, there are fewer design restriction. In fact, when signal peaks are present, the capacitor filter acts 
as a flywheel supplying the required energy. 

In average conditions, the continuous power supplied is lower. The music power/continuous power ratio 
is greater in this case than for the case of regulated supplied, with space saving and cost reduction. 
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Mains 
(220V) 


Secondary 
voltage 


DC output voltage (Vq) 


'o=0 


lo=0.1A 


lo=1A 


+20% 


28.8V 


43.2V 


42V 


37.5V 


+ 15% 


27.6V 


41.4V 


40.3V 


35.8V 


+ 10% 


26.4V 


39.6V 


38.5V 


34.2V 


— 


24V 


36.2V 


35V 


31V 


- 1 0% 


21.6V 


32.4 V 


31.5V 


27.8V 


- 1 5% 


20.4V 


30.6V 


29.8V 


26V 


-20% 


19.2V 


28.8V 


28V 


24.3V 



Fig. 30 - DC characteristics 
of BOW non-regulated supply 
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SHORT CIRCUIT PROTECTION 

The TDA 2030A has an original circuit which linnits the current of the output transistors. This function 
can be considered as being peak power limiting rather than simple current limiting. The TDA 2030A is 
thus protected against temporary overloads or short circuit. Should the short circuit exist for a longer 
time, the thermal shut-down protection keeps the junction temperature within safe limits. 

THERMAL SHUT-DOWN 

The presence of a thermal limiting circuit offers the following advantages: 

1) An overload on the output (even if it is permanent), or an above limit ambient temperature can be 
easily supported since the Tj cannot be higher than 150°C. 

2) The heatsink can have a smaller factor of safety compared with that of a conventional circuit. There 
is no possibility of device damage due to high junction temperature. If for any reason, the junction 
temperature increases up to 150°C, the thermal shut-down simply reduces the power dissipation and 
the current consumption. 
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LINEAR INTEGRATED CIRCUIT 



22W Hi-Fi AUDIO POWER AMPLIFIER 

The TDA 2040 is a monolithic integrated circuit in Pentawatt® package, intended for use as an audio 
class AB amplifier. Typically it provides 22W output power (d = 0.5%) at Vg = 32V/4a. The TDA 2040 
provides high output current and has very low harmonic and cross-over distortion. Further the device 
incorporates a patented short circuit protection system comprising an arrangement for automatically 
limiting the dissipated power so as to keep the working point of the output transistors within their safe 
operating area. A thermal shut-down system is also included. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


±20 


V 


Vi 


Input voltage 


Vs 




Vi 


Differential input voltage 


± 15 


V 


lo. 


Output peak current (internally limited) 


4 


A 


Ptot 


Power dissipation at Tease = 75°C 


25 


W 


Tstg . Tj 


Storage and junction temperature 


-40 to 1 50 


°C 



ORDERING NUMBER: TDA 2040V 



MECHANICAL DATA 



Dimensions in mm 



sj 


, r 


17.85 

15.75 






4 


\ 1 


1.27 




iL j 


-V 


1 

" '"I -^ 




21.2 








22.5 


B 



^3.75t3.85 
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CONNECTION DIAGRAM 

(top view) 



TEST CIRCUIT 




> INVERTING INPUT 
> NON INVERTING INPUT 



Q 



100nF~C3 
CI ^ 




22uF^100nF 



22KX1 TlOOnFI 
_t 31 ^-^s 



.— ,C6 
T^220uF 



THERMAL DATA 



Rth j-case Thermal resistance junction-case 



°C/W 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V^ = ±16V, Tamb= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 




±2.5 






V 


•d 


Quiescent drain current 


Vs= ± 4.5V 






30 


mA 






45 


100 


mA 


ib 


Input bias current 




0.3 


1 


mA 


Vos 


Input offset voltage 




±2 


±20 


mV 


"os 


Input offset current 








±200 


nA 


Po 


Output power 


d = 0.5% Tcase=60°C 
f =1 KHz RL=4n 
RL=8n 


20 


22 
12 




W 


f=15KHz RL=4n 


15 


18 




W 


BW 


Power bandwidth 


Po=1W RL=4fil 




100 




KHz 


Gv 


Open loop voltage gain 


f = 1 KHz 




80 




dB 


Gv 


Closed loop voltage gain 


29.5 


30 


30.5 


dB 


d 


Total harmonic distortion 


Po=0.1to10W RL=4n 

f = 40 to 15000Hz 
f = 1 KHz 




0.08 
0.03 




% 


©N 


Input noise voltage 


B = curve A 




2 




mV 


B = 22 Hz to 22 KHz 




3 




iN 


Input noise current 


B = curve A 




50 




pA 


B = 22 Hz to 22 KHz 




80 




Rj 


Input resistance (pin 1) 




0.5 


5 




Mf2 


SVR 


Supply voltage rejection 


RL=4n Gv=30dB 
Rg=22Kr2 f=100Hz 
Vripple= 0-5 V.^s 


40 


48 




dB 


n 


Efficiency 


f = 1 KHz 

Po=12W RL=8n 

Po=22W RL=4r2 




66 
63 




% 


Tj 


Thermal shut-down junction 
temperature 






145 




°C 
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APPLICATION INFORMATION 

Fig. 1 - Amplifier with split power 
supply (*) 



Fig. 2 - P.C. board and components layout of the 
circuit of fig. 1. 
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22)jF^100nF^ "220 
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Po> 15W (d = 0.5%) 
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Fig. 3 -Amplifier with single supply {*) Fig. 4 - P.C. board and components layout of the 

circuit of fig. 3. 




* In the case of highly inductive loads protection 
diodes may be necessary. 
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APPLICATION INFORMATION (continued) 
Fig. 5 - SOW Bridge amplifier with split power supply 
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Fig. 6 - P.C. board and components layout for the circuit of fig. 5. 
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APPLICATION INFORMATION (continued) 

Multiway speaker systems and active boxes 

Multiway loudspeaker systems provide the best possible acoustic performance since each lodspeaker is 
specially designed and optimized to handle a limited range of frequencies. Commonly, these loudspeaker 
systems divide the audio spectrum into two, three or four bands. 

To maintain a flat frequency response over the HiFi audio range the bands covered by each loudspeaker 
must overlap slightly. Imbalance between the loudspeakers produces unacceptable results therefore it is 
important to ensure that each unit generates the correct amount of acoustic energy for its segment of 
the audio spectrum. In this respect it is also important to know the enerqy distribution of the music 
spectrum to determine the cutoff frequencies of the crossover filters (see fig. 7). As an example, a 
100 W three-way system with crossover frequencies of 400 Hz and 3KHz would require BOW for the 
woofer, 35W for the midrange unit and 15W for the tweeter. 

Both active and passive filters can be used for crossovers but today active filters cost significantly less 
than a good passive filter using air-cored inductors and non-electrolytic capacitors. In addition, active 
filters do not suffer from the typical defects of passive filters: 

— power loss 

— increased impedance seen by the loudspeaker (lower damping) 

— difficulty of precise design due to variable loudspeaker impedance 
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Fig. 8 - Active power filter 
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Obviously, active crossovers can only be used if a power amplifier is provided for each drive unit. 
This makes it particularly interesting and economically sound to use monolithic power amplifiers. 
In some applications, complex filters are not really necessary and simple RC low-pass and high-pass 
networks (6 dB/octave) can be recommended. 

The results obtained are excellent because this is the best type of audio filter and the only one free from 
phase and transient distortion. 

The rather poor out of band attenuation of single RC filters means that the loudspeaker must operate 
linearly well beyond the crossover frequency to avoid distortion. 
A more effective solution, named "Active Power Filter" by SGS is shown in fig. 8. 
The proposed circuit can realize combined power amplifiers and 12 dB/octave or 18 dB/octave high- 
pass or low-pass filters. 

In practice, at the input pins of the amplifier two equal and in-phase voltages are available, as required 
for the active filter operation. 

The impedance at the pin (-) is of the order of 100i7, while that of the pin (+) is very high, which is 
also what was wanted. 
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The component values calculated for fc = 900 Hz using a Bessel 3rd order Sallen and Key structure are: 



CI = C2 = C3 


R1 


R2 


R3 


22 nF 


8.2 Ka 


5.6 Kn 


33 Kn 



In the block diagram of fig. 9 is represented an active loudspeaker system completely realized using 
power integrated circuits, rather than the traditional discrete transistors or hybrids, very high quality is 
obtained by driving the audio spectrum into three bands using active crossovers (TDA 2320A) and a 
separate amplifier and loudspeaker for each band. 
A modern subwoofer/midrange/tweeter solution is used. 



Fig. 9 - High power active loudspeaker system using TDA 2030A and TDA 2040 
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LINEAR INTEGRATED CIRCUIT 



PREAMPLIFIER WITH ALC FOR C.Oz CASSETTE RECORDERS 

• EXCELLENT VERSATILITY IN USE (Vg from 4 to 20V) 

• HIGH OPEN LOOP GAIN 

• LOW DISTORTION 

• LOW NOISE 

• LARGE AUTOMATIC LEVEL CONTROL RANGE 

• STEREO MATCHING BETTER THAN 3 dB (matched pair) 

The TDA 2054M is a monolithic integrated circuit in a 16-lead dual in-line plastic package. 
The functions incorporated are: 

— low noise preamplifier 

— automatic level control system (ALC) 

— high gain equalization amplifier 

It is intended as preamplifier in tape and cassette recorders and players (0^02), dictaphones, compressor 
and expander in telephonic equipments, Hi-Fi preamplifiers and in wire diffusion receivers; for stereo 
applications the ALC matching is better than 3 dB. 



ABSOLUTE MAXIMUM RATINGS 



Vs Supply voltage 

Ptot Total power dissipation at Tamb— 50°C 



20 V 

500 mW 

-40 to 150 °C 



ORDERING NUMBERS: TDA 2054M mono applications 
2 TDA 2054M stereo applications 

MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 
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TEST CIRCUIT 




THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 200 



°C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb= 25°C) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vs 


Supply voltage 




4 




20 


V 


Id 


Quiescent drain current 


S1 = S2 = S3 = at B 




10 




mA 


hpE 


DC current gain (Ql, Q2, Q3) 


lc = 0.1mA VcE=5V 


300 


500 




- 


Bn 


Input noise voltage (Ql, Q2, Q3) 


lc = 0.1mA VcE=5V 
f =1 KHz 




2 




nV 

n/Hz 


'N 


Input noise current (Ql, Q2, Q3) 




0.5 




pA 


n/Hz 


NF 


Noise figure (Q1,Q2,Q3) 


lc = 0.1mA VcE=5V 

Rg = 4.7Kfi 

B (-3dB)=20to 10000 Hz 




0.5 


4 


dB 


Gv 


Open loop voltage galn(for 
equalization amplifier) 


Vs = 9V f = 1 KHz 




60 




dB 


Vo 


Output voltage with A.L.C. 


Vs=9V Vi = 100mV 
f = 1 KHz S1=S2=S3at A 




0.6 




V 


©N 


Equivalent input noise voltage 
(for equalization amplifier pin 1 1) 


Vs = 9V 

Gv = 40 dB S1 at B 

B (-3dB)=20to20000 Hz 




1.3 




mV 


Ri 


Q3 emitter resistance 
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150 


195 

...J 
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Fig. 1 - Equivalent input 
spot voltage and noise cur- 
rent vs. bias current (tran- 
sistors Q1, Q2, Q3) 
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Fig. 2 - Equivalent input 
noise current vs. frequency 
(transistors Q1, Q2, Q3) 
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Fig. 3 - Equivalent input 
noise voltage vs. frequency 
(transistors Q1, Q2, Q3) 
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Fig. 4 - Noise figure vs. 
bias current (transistors Q1, 
Q2, Q3) 
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Fig. 5 - Optimum source 
resistance and minimum NF 
vs. bias current (transistors 
Q1,Q2, Q3) 
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Fig. 6 - Current gain vs. 
collector current (transistors 
Q1,Q2,Q3) 
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Fig. 7 - Open loop gain vs. 
frequency (equalization am- 
plifier) 
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Fig. 8 - Open loop phase 
response vs.frequency(equa- 
lization amplifier) ^.,„, 
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Fig. 9 - Dinamic resistance 
Ri_9 vs. ALC voltage Vie 
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APPLICATION INFORMATION 

Fig. 9 - Application circuit for 0^62 cassette player and recorder 
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Fig. 10 - P.C. board and connponent layout for the circuit of Fig. 9 ( 1 : 1 scale) 
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TYPICAL PERFORMANCE OF CIRCUIT IN FIG. 9 (Tamb= 25°C, Vs = 9V) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


PLAYBACK 




Gy Voltage gain (open loop) 


f = 20 to 20000 Hz 




134 




dB 


G^ Voltage gain (closed loop) 


f = 1 KHz 




60 




dB 


Zj Input impedance 


f = 100 Hz 
f = 1 KHz 
f = 10 KHz 




10 
41 
43 




KO 


Zq Output impedance 


f = 1 KHz 




12 


35 


n 


B Frequency response 






see fig. 1 1 






d Distortion 


Vo=^ IV f = 1 KHz 




0.2 




% 


Output background noise 


Zg = 300n + 120 mH 
(DIN 45405) 




1.5 




mV 


*** Output weighted background noise 




1 




mV 


S+N Signal to noise ratio 
N 


Vo-1.5V 

Zg = 300n + 120 mH 




60 




dB 


ton* Switch-on time 


Vo= IV 




500 




ms 


RECORDING 


Gy Voltage gain (open loop) 


f = 20 to 20000 Hz 




134 




dB 


Gv Voltage gain (closed loop) 


f = 1 KHz 




72 




dB 


B Frequency response 






see fig. 1 3 






d .; Distortion with ALC 


Vo = IV f = 10 KHz 




0.5 




% 


ALC Automatic level control range(for 
3 dB of output voltage variation) 


Vj<40mV f- 10 KHz 




54 




dB 


Vq Output voltage before clipping 
without ALC 


f = 1 KHz 




3 




i V 


Vq Output voltage with ALC 


Vj = 30mV f = 1 KHz 




1.1 




V 


t|* Limiting time (see fig. 17) 


AVr +40dB f = 1 KHz 




75 




ms 


tset* Level setting time (see fig. 1 7) 




300 




ms 


tree* Recovery time (see fig. 17) 


AVr-40dB f- 1 KHz 




150 




sec. 


ton* Switch-on-time 


Vo-1V 




500 




ms 


S+N*** Signal to noise ratio with ALC 
N 


Vo = IV Rg = 470n 




64 




dB 



* This value depends on external network. 
** When the DIN 45511 norm for frequency response is not mandatory the equalization peak at 15 KHz can be 
avoided - so halving the output noise. 
*** Weighted noise measurement (DIN 45405). 
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Fig. 11 - Frequency response 
for the circuit in fig. 9 (play- 
back) 
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Fig. 12 - Distortion vs. fre- 
quency for the circuit in 
fig. 9 (playbaci<) 
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Fig. 1 3 - Frequency response 
for the circuit in fig. 9 (re- 
cording) 
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Fig. 14 - Output voltage 
variation and distortion 
with ALC vs. input voltage 
for the circuit in fig. 9 
(recording) 
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Fig. 15 - Distortion vs. fre- 
quency with ALC for the 
circuit in fig. 9 (recording) 
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Fig. 16 - Linniting and level 
setting time vs. input signal 
variation 
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Fig. 17 - Limiting, level setting, recovery time 
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LINEAR INTEGRATED CIRCUIT 



TV VERTICAL DEFLECTION OUTPUT CIRCUIT 

The TDA 2170 is a monolithic integrated circuit in 11-lead Multiwatt® package. It is a high efficiency 
power booster for direct driving of vertical windings of TV yokes. It is intended for use in Colour and 
B & W television receivers as well as in monitors and displays. The functions incorporated are: 

— power amplifier 

— flyback generator 

— reference voltage 

— thermal protection 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage (pin 4) 


35 


V 


V7.V8 


Flyback peak voltage 


60 


V 


V5 


Voltage at pin 5 


+ V3 




V2,V3 


Amplifier input voltage 


+ V3 




lo 


Output peak current (non repetitive, t = 2 msec) 


1 -0.5 
1 2.5 


V 
A 


lo 


Output peak current at f == 50 or 60 Hz, t < 10 jUsec 


3 


A 


lo 


Output peak current at f = 50 or 60 Hz, t > 10 /isec 


2 


A 


I5 


Pin 5 DC current at V7 < V4 


100 


mA 


I5 


Pin 5 peak to peak flyback current 








at f = 50 or 60 Hz, tf,y < 1 .5 msec 


3 


A 


Ptot 


Total power dissipation at Tease ^ 60° C 


30 


W 


Tstg,Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 2170 
MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 
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Fig. 1 - DC test circuits 



Fig. 1a - Measurement of I2; I3; I4; Is; Vg; 

AV9/AV3; R9 



Fig. lb - iVIeasurement of V7h 



O ♦Vs 




O^Vs 



Si 
S2 
S3 



(a) I2; (b) I3, I4 and Ig. 

(a) Uand Ig; (b) I3; (c) l^. 

(a) ^2' '3. U. 's. '9 and Vg; (b) R9. 



Fig. 1c - Measurement of V5L; V7 




0+V3 



SI : (a) Vsl; (b) V^l- 



J^'^^J^J^yyi 



Fig. Id ~ Measurement of Vy 




0+V3 
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THERMAL DATA 



R 



th j-case 



Thermal resistance junction-case 



Rth j-amb Thermal resistance junction-ambient 



max 
max 



3 
40 



°C/W 

°c/w 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits, Vs 
otherwise specified) 



35V, T;, 



25°C unless 



Parameter 


Test conditions 


Min. 


TVD. 


Max. 


Unit 


Fia. 


I4 


Pin 4 quiescent current 


15 = 0; 17 = 0; V3=3V 




8 




mA 


la 


'8 


Pin 8 quiescent current 


15 = 0; 17 = 0; V3=3V 




18 




mA 


la 


I3 


Amplifier input bias 
current 


V3= IV 




-0.1 


-1 


mA 


la 


I2 


Amplifier input bias 
current 


V2= IV 




-0.1 


-1 


mA 


la 


V9 


Reference voltage 


19 = 




2.2 




V 


la 


AV9 


Reference voltage drift 
vs. supply voltage 


Vs= 15 to 30V 




0.5 




mV/V 


la 


AVs 


VSL 


Pin 5 saturation voltage 
to GND 


15 = 20 mA 




0.5 




V 


1c 


V7 


Quiescent output voltage 


Vs = 35V; Ra = 39 Kn 




18 




V 


Id 


Vs=15V; Ra = 13Kri 




7.5 




V 


Id 


V7L 


Output saturation 
voltage to GND 


17= 1.2A 




1 




V 


1c 


l7 = 0.7A 




0.6 




V 


1c 


V7H 


Output saturation voltage 
to supply 


-17= 1.2A 




1.6 




V 


lb 


-17 = 0.7 A 




1.2 




V 


lb 


R9 


Reference voltage output 
resistance 






2.1 




Ka 




Tj 


Junction temperature for 
thermal shut down 






140 




°C 
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Fig. 2 - AC test circuit 
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Fig. 3 - PC board and component layout (1:1 scale) 
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Components list for typical applications 





110° TVC 


110° TVC 


90° TVC 




Component 


5.9^2/10 mH 


9.612/27 mH 


15a/30 mH 


Unit 




1 .95 App 


1.17 App 


0.82 App 




R1 


24 


18 


12 


Kn 


R2 


10 


6.8 


5.6 


Kn 


R3 


39 


22 


22 


Kn 


R4 


5.6 


5.6 


5.6 


Ki7 


R5 


0.82 


1.2 


2.2 


n 


R6 


270 


330 


330 


a 


R7 


1.5 


1.5 


1.5 


n 


D1 


IN 4001 


IN 4001 


IN 4001 


- 


CI 


0.1 


0.1 


0.1 


mF 


02 el. 


1000/25V 


470/25V 


470/25V 


mF 


03 el. 


220/25V 


220/25V 


220/25V 


mF 


04 


0.22 


0.22 


0.22 


mF 


05 el. 


2200/25V 


1500/25V 


1000/ 16V 


MF 


06 el. 


10/16V 


10/16V 


10/16V 


mF 



Typical performances 



Parameter 


110° TVC 
5.912/10 mH 


110° TVC 
9.612/27 mH 


90° TVC 
1512/30 mH 


Unit 


Vg - Supply voltage 


24 


22.5 


25 


V 


Ig — Current 


280 


175 


125 


mA 


tfiy — Flyback time 


0.6 


1 


0.7 


ms 


Ptot ~ Power dissip. 


4.2 


2.5 


2.05 


W 


Rth c-a - Heatsink 


7 


13 


16 


°0/W 


Tamb 


60 


60 


60 


°0 


^j max 


110 


110 


110 


°0 


To 


20 


20 


20 


ms 


Vi 


4 


4 


4 


Vpp 


vy 


50 


47 


52 


Vp 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsink. 
Thanks to the MULTIWATT® package attaching the heatsink is very simple, a screw or a compression 
spring (clip) being sufficient. Between the heatsink and the package it is better to insert a layer of silicon 
grease, to optimize the thermal contact; no electrical isolation is needed between the two surfaces. 



Fig. 4 - Mounting examples 




Fig. 5 - Maximum allowable power dissipation vs. ambient temperature 
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LINEAR INTEGRATED CIRCUIT 



COMPLETE TV SOUND CHANNEL WITH V.C.R. AND C.C.C. 

The TDA 2190 is a monolithic integrated circuit in 16-lead dual in-line power dip. It performs the 
following functions: 

— IF limiter-amplifier and low-pass filter. 

— FM detector. 

— DC volume control. 

— AF preamplifier and AF power amplifier with thermal shut-down protection and choice of class B or 
C.C.C. operation mode 

— VCR facility with common pin for input and output (playback and recording). 

— VCR input and FM Detector DC switching for recording and playback. 

The main features of TDA 2190 are: 

— Suitable for all TV standards with FM modulation. 

— Class B or constant current consumption (C.C.C.) operation mode. 

— Video cassette recorder (VCR) facility according to DIN norms. 

— DC or AC volume control. 

— Physiological volume and tone controls (AC volume control mode). 

— LC or ceramic filters can be used for input and detector networks. 

— High output power (10W) easily achieved by very simple external stage. 

■ \ii iv/i iiiciiivrc odiciy 

— Very low spread of DC volume control. - Thermal protection of AF output stage. 

— DC volume control thermally compensated. — Short-circuit protection of VCR 

— Very low current ripple in C.C.C. operation mode. input-output pin. 

— 4W output power. 

— No radiation problem 

ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage (pins 14 and 15) 


28 


V 


V| 


Input peak voltage (pin 10) 


1 


V 


V3 


Voltage at pin 3 


Vs 


V 


lo 


Output peak current (non repetitive) 


2 


A 


lo 


Output peak current (repetitive) 


1.5 


A 


°tot 


Power dissipation at T^ase^ 75°C 


15 


W 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 2190 

TDA 2190 F2 

MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 



AF OUTPUT j 


1 


16 


] GROUND 


RIPPLE REJECTION | 


2 


15 


] SUPPLY VOLTAGE 


VCR SWITCH 1 


3 


V, 


|C.C.C. SUPPLY VOLTAGE 


VCR INPUT/OUTPUT | 


U 


'3 


1 AF AMPLIF INVERTING 
J INPUT 


DE- EMPHASIS 1 


5 


12 


1 DC VOLUME CONTROL 


DETECTOR | 


6 


- 


I DC VOLUME CONTROL 
' REFERENCE VOLT 


DETECTOR 


7 


10 


J IF INPUT 


IF BY - PASS 


8 


9 


1 GROUND 



BLOCK DIAGRAM 




INPUT^^ II Y 



IF AMPLIFIER 
AND LIMITER 



VCR VCR 

INPUT/OUTPUT SWITCH 

P 9 



\ 1 



\^ 



VCR 
SWITCH 



VCR 
INPUT 
OUTPUT 
STAGE 



VOLUME 
CONTROL 



VOLTAGE 
REG 




1"=^ >TV0L 

1^' 




C9T" "TciO 



THERMAL DATA 



Rth j-case Thermal resistance junction-case 



°C/W 
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cr 
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LU 
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CO 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, V3= 24V, fo = 
class B, T3rnb= 25°C, unless otherwise specified) 



5.5MHz, fm= IKHz, 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



DC CHARACTERISTICS 



Vs 


Supply voltage (pins 1 4 and 1 5) 




11 




28 


V 


Vo 


Quiescent output voltage (pin 1 ) 


Vg - 24V Pi - 


11 


12 


13 


V 


Vs-12V Pi = 


5.1 


6 


6.9 


V4 


Pin 4 DC voltage 


Playback and recording 


5 


6 


7 


V 


Vii 


DC volume control reference 
voltage 


Pi - to 5 K12 


4 


4.7 


5.5 


V 


V14-I5 


C.C.C. reference voltage (between 
pins 14 and 15) 




0.9 


1.1 


1.3 


V 


Id 


Quiescent drain current 


Vs = 24V Pi=0 


25 


45 


65 


nnA 


Vs=12V Pi = 


20 


35 


50 



IF AMPLIFIER AND DETECTOR 



Vj (threshold) Input limiting voltage at 
pin 10 


Pl-0 


Af = 


t 25 KHz 




40 


100 


mV 


V5 Recovered audio voltage 


Vj > 1 mV 
Pl-0 


Af = 


± 25 KHz 


240 


400 


480 


mV 


AMR Amplitude modulation rejection 


Vj = 1 mV 
m = 0.3 


Af - 


+ 50 KHz 




62 




dB 


Rj Input resistance (pin 10) 


Vj - 1 mV 




10 




KH 


Cj Input capacitance (pin 10) 


Vj =: 1 mV 




5 




pF 



DC VOLUME CONTROL 



A Volume attenuation 
(resistance control) 


P 1 - 012 

Pi - 2.3 Ki2 

Pi - 5 Ki2 


80 
22 


90 
30 



38 
3 


dB 
dB 
dB 


Vq Control voltage 


A-90dB 
A-30dB 
A= OdB 






1.5 

3 




V 
V 
V 


Volume attenuation thermal drift 
'^1"tab (resistance control) 


Ttab 25 to 85"C 
Pi -2.3 Kn 




-0.05 




dB 
"C 



AUDIO FREQUENCY AMPLIFIER 



Po 


Output power 


in class B mode 


d 


10% 




















Vc 


24V 


Rl 


16i2 




4.1 




W 








Ve 


12V 


Rl 


8il 




1.5 




W 








d - 


2% 




















Ve 


24V 


Rl- 


~ 16i2 




3 




W 








Vs 


12V 


Rl 


Si 2 




1.2 




W 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


AUDIO FREQUENCY AMPLIFIER (continued) 


Po 


Output power in C.C.C. mode 


d = 1 0% 
Vs = 24V 
Vs = 12V 


Rl= 812 




3.5 
1.2 




W 

w 


B 


Frequency response of audio 
amplifier (-3 dB) 


Po = 1W 


Rl= i6n 




50 + 
10000 




Hz 


SVR 


Supply voltage rejection ratio 


Pl=0 Vi = 
Rl= 16i^ 


1 mV Af = 
fripple= 100 Hz 




50 




dB 


V.C.R. 


V3 


Input switching voltage for 
recordina 








2 


V 


V3 


Input switching voltage for 
playback 




8.5 






V 


R3 


Input resistance 


V3 = 1 to lOV 


50 


100 




Kn 


V4i 


Input voltage (playback) 


V3 > 8.5V 
Pout= 1W 


Pi = 5Kn 


45 


90 


180 


mV 


V4out 


utput voltage ( recordi ng) 


V3<2V 
Pl = 


Vi= 1 mV 

Af = ± 25 KHz 


240 


400 


480 


mV 


R4i 


Input resistance (playback) 


V3 > 8.5V 


10 


13 




Kn 


R4put 


Output resistance (recording) 


V3<2V 




140 




^ 


d 


Total harmonic distortion of pin 4 
output signal 


Pl=0 

Af = ± 25 KHz 


Vi = 1 mV 
V3<2V 




0.5 




% 


SVR 


Supply voltage rejection at output 
pin 4 


Pl=0 V3 < 

Af = fripp,e= 


2V Vj > 1 mV 
100 Hz 




50 




dB 


S + N 
N 


Signal and noise to noise ratio 
(pin 4) 


V3<2V 

Af = ± 50 KHz 


Vj > 1 mV 


50 


67 




dB 


OVERALL CIRCUIT 


S + N 
N 


Signal and noise to noise ratio 


Vj > 1 mV 
Af = ± 50 KHz 


Vo = 4V 


50 


67 




dB 


d 


Distortion 


Po = 50 mW 
Vs - 24V 
Vs = 12V 


Af = ±25KHz 
R|_= 16n 
Rl= 8n 




0.5 
0.5 




% 
% 
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TEST CIRCUIT 
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fO = 5.5MHz 



VCR VCR 
IN/OUT Q 6 SWITCH 



C6|n 10/uF 



CA C5 

HI II H H 

68pF 8.2pF 7.5nF 



IAjF 






R6 
120kn 



2.2/ljF 



C10 -L 



5 A 3 



TDA 2190 




-— |C1A 
^lOO^uF 



Icil |C12 
;.To.1^F"J5bO/uF 



A: Class B 
B:C.C.C. 



-<^ + Vs 



C16[ ] |A70/u F 



TT^IOkn U 3.3X1 rV Rl 



0.22AJF 



Vs 


12 


2A 


V 


Rl 


8 


16 


a 


R7 


180 


100 


n 


C8 


3.9 


1.8 


nF 



Fig. 1 - Relative audio out- 
put and signal to noise ratio 
vs. input signal 
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Fig. 2 - AM rejection vs. 
input signal 
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Fig. 3 - AAM rejection vs. 
tuning frequency change 
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Fig. 4 - Detected audio volt- 
age (pin 5) vs. unloaded Q- 
factor of the detector coil 
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Fig. 5 - Distortion of the 
detected signal (pin 5) vs. 
unloaded Q-factor of the 
detector coil 
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Fig. 6 - Output voltage at- 
tenuation vs. DC volume 
control resistance (PI) and 
vs. DC volume control volt 
age (Vq) 
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Fig. 7 - Distortion vs. fre- 
quency deviation 
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Fig. 10 - Overall frequency 
response 
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Fig. 8 - Distortion vs. tun- 
ing frequency change 
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Fig. 11 - Audio amplifier 
frequency response 
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Fig. 9 - Switch-off attenu- 
ation of the VCR at pin 4 
vs. switch-off voltage at pin 3 
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Fig. 12 - Distortion vs. out- 
put power (Vs= 24\/ and 
Rl= 16n) 
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Fig. 13 - Distortion vs. out- 
put power (Vs= 12V and 
RL=8n) 
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Fig. 14 - Output power vs. 
supply voltage (class B 
mode) 
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Fig. 15 - Maximum power 
dissipation vs. supply voltage 
(sine wave operation; class B 
mode) 



ri 


"^ 


, ,. 




"^ 






v- 








V- 


V- 




— 


— 


































: 


^ 


d = 107. 
to = 5.5 MHz 
V1kHz 
A<=t25kH2 


























































































































. 


R = 


6r 












1 




















n 




















_Rl=8J1^ 










/ 
























/ 








/ 




















'i 






/ 








/ 






























/ 








/ 




































/ 


























/ 






< 


/ 




























/^ 






^ 


































f 


^1 1 






























^' 


































1 


























, 
















1 
















1 1 






1 










1 

















15 20 25 VsfV) 



10 15 20 25 Vs(V) 



Fig. 16 - Power dissipation 
and efficiency vs. output 
power (class B mode) 
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Fig. 17 - Output power vs. 
supply voltage (C. C.C. mode) 



Fig. 18 - Power dissipation 
and efficiency vs. output 
power (C.C.C. mode) 
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Fig. 19 - Current ripple vs. 
R-CCC value (C.C.C. mode 
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Fig. 20 - Current ripple vs. 
signal frequency (C.C.C. 
nriode only) 




Fig. 21 - Quiescent drain 
current vs. supply voltage 
(C.C.C. mode only). 
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Fig. 22 - Quiescent output 
voltage (pin 1) vs. supply 
voltage 
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Fig. 23 - Supply voltage 
ripple rejection vs. volume 
control attenuation 
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Fig. 24 - Supply voltage rip- 
ple rejection at the AF and 
VCR outputs vs. ripple 
frequency 
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APPLICATION INFORMATION (Refer to the block diagram) 

IF amplifier and limiter 

The IF sound signal Is amplified and limited by a chain of 6 differential stages. To avoid the possibility 
of radiation problems an active low pass filter has been integrated to eliminate the high frequency 
harmonics from the signal sent to the detector. 

Pin 10 is the non inverting input of the amplifier-limiter and it is used as input of the IF sound signal 
coming from the input network which can employ either LC or ceramic filters. 
The typical input impedance of pin 10 is 10 Kn, 5 pF at fo = 5.5 MHz. 

Pin 8 is the inverting input, of the amplifier-limiter. The DG negative feedback of the amplifier is ap- 
plied internally to this pin which must therefore be decoupled by means of a by pass capacitor toward 
ground. 

FM detector 

Signal detection is obtained by means of a peak differential detector which enables radiation problems 
to be minimized. 

Pin 7 is the first input of the peak differential detector and it is the output of the low pass filter. The 
typical output impedance is 2.7 Kn. 

Pin 6 is the second input of the peak differential detector. This pin must be supplied with the same DC 
voltage as the other input (pin 7) and this Is done by coil LI . 

External components LI C3 and C5 transform the frequency variations into amplitude variations useful 
to drive the detector. Network LI C3 C5 has two resonance frequencies: 



f 1 series resonance for X^s = 



Xr 



+ X, 



f2 parallel resonance for Xlj = Xc3 
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APPLICATION INFORMATION (continued) 

Coil LI must be tuned at frequency fo = IF sound, equidistant from frequencies f^ and f2 to which the 
peaks of the "S" response of the detector correspond. The separation between the peaks is defined by 

C3 



the ratio- 



fi^ 



1 + 



Network L1 C3 C5can obviously be substituted by a ceramic filter. 

Pin 5 is the output of the FM detector. Its output impedance of 20 Kn , in combination with capacitor 
C4 connected between pin 5 and ground, defines the time constant of the deemphasis. The detector "S" 
curve is visible at pin 5. Improved AMR performance can be obtained by connecting a 10 Kn 10 jJ-F RC 
series network between pin 5 and ground. 



VCR 

This function, required by receivers capable of recording complete TV signals, is made in accordance 
with DIN Norms. A single pin (pin 4) acts both as output of the signal to be recorded and as input of 
the signal to be played back. The function of this pin is changed by means of a control, applied to pin 3, 
consisting of two different levels of DC voltage. The operating conditions of pins 3 and 4 are: 



Mode 


VCR Switch 
pin 3 


Function of 
pin 4 


Impedance of 
pin 4 


Signal at 
pin 4 


Recording 


V3<2V 


Output 


R4 = 140n 


V4- 400 mV 


Playback 


V3>8.5V 


Input 


R4 = 13 Kn 


V4 = 90 mV 



In the recording state the output signal at pin 4 is independent of the volume control, while during play- 
back the signal applied at pin 4 is regulated by the volume control before being sent to the audio am- 
plifier. 



Pin 3, input of the VCR switch, has an impedance greater than 50Kn for any value of input voltage. 
Control pulses at pin 3 with very sharp edges cause temporary unbalancing of the circuit and produce 
audible signals. This effect is eliminated by means of R3 C8 which slows down the control edges. In the 
playback state the IF sound signal coming from the detector is automatically blocked by the VCR 
switch. 

Pin 4, Input-output of the audio signal, has a DC typical voltage of 6V. C6 must therefore be used to 

decouple it from the VCR. 

The output signal of pin 4 can be used to perform the AC volume control (fig. 31). The potentiometer 

must be connected between pin 4 and ground and the slider must be connected to pin 13 after DC 

decoupling. 

DC volume control 

The audio signal coming from the FM detector or from the VCR is adjusted in amplitude by means of a 
DC controlled active attenuator. The attenuation can be changed either by means of a potentiometer or 
by means of a DC voltage. 

Pin 11 supplies the reference voltage for the volume control. 

This voltage is between 4V and 5.5V and has a thermal coeff. of +0.25%/°C. The maximum current 

which can be supplied by pin 1 1 is 10 mA. 



765 



TDA2190 



APPLICATION INFORMATION (continued) 

Pin 12 is the input of the DC volume control. To nnininnize the attenuation spreads, the volume control 
network R1, R2, P1 is supplied by the reference voltage of pin 1 1. The attenuation of the signal is inver- 
sely proportional to the voltage applied at pin 12; therefore maximum attenuation is for \l -^2 =0 or for 
P1 = . Capacitor C7, connected in parallel to the volume potentiometer, eliminates any signals or 
spikes picked up by the connection wires of the potentiometer. The volume control characteristic 
depends on the configuration and on the values of the components of the network connected to pins 1 1 
and 12. The suggested values are: R1= 1 Kn R2= 3.9 Kn and P1= 5 Kn with linear variation; with this 
network a linear variation of the output power is obtained. Different slopes of the volume control and 
relative networks are shown in figs. 25 and 26. 

Fig. 26 
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The volume can also be controlled by means of a DC voltage applied between resistor R2 and ground 
instead of potentiometer PI. Using this configuration, volume variation can be obtained by means of 
remote control as shown in fig. 36. 

AF amplifier 

The AF amplifier consists of an operational amplifier with thermally protected (thermal shut down) 
output stage. By using a simple external variant the power stage can be made to operate in class B or in 
costant current consumption. 

Pin 1 is the output of the power amplifier. The network which defines the gain and the band of the 
audio amplifier is connected between pins 1, 2 and 13. 

The input voltage of the amplifier is I • R4, where I is the signal output current of the DC volume con- 
trol block. The closed loop gain of the amplifier is given by 0^= R5/R6; 
Therefore the output voltage is given by 



V. 



I'R4' 



R5 
R6 



Changing the values of these resistors, different output voltage (i.e. different closed loop gain) can be 

obtained. 

When impedances, rather than pure resistors, are used, the closed loop gain is changed with frequency. 

In particular at high frequencies the gain is reduced by capacitor C1 1 and at low frequencies it is reduced 

by capacitor CI 3. 

The Boucherot cell R7 CI 4 guarantees the stability of the circuit in all the operating conditions. 

Pin 2, the non inverting input of the audio amplifier, is connected to an integrated voltage divider which 
fixes its DC voltage at Vs/2. 
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APPLICATION INFORMATION (continued) 

Since the voltage of pin 2 is tine reference of the input differential stage of the audio amplifier, both the 
voltage of pin 13 and the voltage of pin 1 are equal to Vs/2. Capacitor C12, connected between pin 2 
and ground, has the dual function of eliminating the audio signals from pin 2 and providing the supply 
voltage ripple rejection. 

Pin 13 is the inverting input of the audio preamplifier; the outoput of the DC volume control is also 
connected to this pin. 

Supply 

The device can operate either in class B or in C.C.C. mode. In class B the supply current is highly variable 
and depends on the power supplied to the load. The supply must therefore be well filtered to prevent 
modulation effects on the supply itself which may influence other circuits in the TV. In C.C.C. mode 
supply current is constant and the supply system can therefore be simplified; for example the sound 
channel can be supplied directly by the line transformer without problems of modulation of the picture 
size. 

Pin 15 is the main supply of the device; when it is connected directly to the power supply and pin 14 is 
left open, the circuit operates in class B. 

Pin 14 is the supply point for C.C.C. The reference system, connected between pin 14 and pin 15, 
determines a constant voltage of 1.1V between the two pins. To make the device operate in C.C.C. mode, 
pin 14 must be connected to the supply and a resistor R-CCC must be connected between pin 14 and 
pin 15; the value of this resistor defines the quiescent current lccc~ 1.1 V/R-CCC. 

Pin 9 is the main ground of the circuit. 

Pin 16 is the ground of the power output stage only. 
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APPLICATION INFORMATION (continued) 
Fig. 27 - Typical application circuit (class B mode) 
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Fig. 28 - P.C. board and component layout of the circuit shown in fig. 27 (1:1 scale) 
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APPLICATION INFORMATION (continued) 

Fig. 29 - Application using a ceramic discriminator and an LC network at the IF input (C.C.C. mode) 
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Fig. 30- P.C. board and component layout of the circuit shown in fig. 29. (1:1 scale) 
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APPLICATION INFORMATION (continued) 
Fig. 31 - Application circuit with AC volume control 



I- 



18pF SFE K)nF 

^ II 5.5MB 11 



T 



IN/OUT O 



Mkn 

8.2pF a2nFf 



VCR VCR 

SWITCH 



HHHUh 



■'U 



TDA 2190 



_n 12 13 K 15 




r^i^ lOOpF Io.lAiF |lC 

II' 



Fig. 32 - Application circuit with tone controls 
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APPLICATION INFORMATION (continued) 

Fig. 33- Application circuit with physiological volume control 
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Fig. 34 - Application circuit with fixed bass and treble boost 
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APPLICATION INFORMATION (continued) 

Fig. 35 - Application circuit for 10W of output power when Vs= 22V and R|_= 4n 
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Fig. 36 - Remote volume control. The output of the sound channel increases when the duty-cycle at pin 
2 of the I.e. M 1025 decreases 
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NOTE: 

RT1 must be set for the normalization of the output power (Po= 100 mW). 

Procedure: 

- IF input at pin 10 of the TDA 2190 

Vs=24V;R|_= 16n;Vj= 1 mV;fo= 5.5 MHz; Af = ± 25KHz;fm = 1 KHz. 

Whith the normalizated output of the I.C. M1025 (duty cycle of 10/31), set RT1 for 1.26 Vri^is across the load 
Rl= 16^. 
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MOUNTING INSTRUCTIONS 

The power dissipated in the circuit must be removed by adding an external heatsink as shown in figs. 37 

and 38. 

The system for attaching the heatsink is very simple: it uses a plastic spacer which is supplied with the 

device on request (TDA 2190 F2). 

Thermal contact between the copper slug (of the package) and the heatsink is guaranteed by the pressure 

which the screws exert via the spacer and the printed circuit board; this is due to the particular shape of 

the spacer. 

Note : The most negative supply voltage is connected to the copper slug, hence to the heatsink(because 
it is in contact with the slug). 



Fig. 37 - Mounting system 
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MOUNTING INSTRUCTIONS (continued) 
Fig. 38 - Cross-section of mounting system 




The maximum allowable power dissipation depends upon the size of the external heatsink (i.e. its 
thermal resistance): fig. 39 shows this dissipable power as a function of ambient temperature for an 
heatsink having 5°C/W. 

Fig. 39 - Maximum allowable 
power dissipation vs. am- 
bient temperature 
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LINEAR INTEGRATED CIRCUIT 



Hi-Fi DUAL PREAMPLIFIER 

The TDA2310 is a dual high quality class A preamplifier intended for extremely low distortion appli- 
cation in Hi-Fi systems. 

The TDA2310 is a monolithic integrated circuit in a 14-lead dual-in-line plastic package and its main 
features are: 

— Very high dynamic range 

— Very low distortion 

— High open loop bandwidth 

— Very low noise 

— No pop-noise 

— High slew-rate: 14V//is {G^= 30 dB) - 50V/mS {G^= 50 dB) 

— Large output voltage swing 

— Single or split supply operation 

— Output short circuit protection 



ABSOLUTE MAXIMUM RATINGS 



Vs 


DC supply voltage 


±22 


V 


Vs 


Operating supply voltage 


±20 


V 


v 

^ cm 


Common mode input voltage 


± 15 


V 


Vi 


Differential input voltage 


±5 


V 


Ptot 


Total power dissipation at Tamb ^ 60°C 


500 


mW 


Tj , Tstg 


Junction and storage temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA2310 



MECHANICAL DATA 



Dimensions in mm 
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CONNECTION DIAGRAM 

(top view) 
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DRIVER (A)OUTPUT 
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INPUT (A) 
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THERMAL DATA 



F^thj-amb Thermal resistance junction-ambient 



max. 180 °C/W 



Fig. 1 - Gain and distortion test 



I — I OOUT 




Fig. 2 - Noise test 
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ELECTRICAL CHARACTERISTICS (Refer to the Test circuit of fig. 1, Ta^b =25°C,Vs = ± 15V, 
Gv = 30dB, Rl - 20Ki^ unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vj Supply voltage 




± 5 




±20 


V 


Is Supply current 






10 


15 


mA 


lb Input bias current 






0.2 


1 


mA 


Iqs Input offset current 






50 


300 


nA 


Vqs 1 nput offset voltage 






1 


3 


mV 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Gv 


Voltage gain 
(open loop) 


f = IKHz 


No compensation 




85 




dB 


f = 20KHz 




85 




dB 


AGv 


Voltage gain spread 
(closed loop) 


f = IKHz 




±0.2 




dB 


f = lOOKHz 




±0.5 




dB 


Ri 


Input resistance 


f = IKHz 




5 




M12 


Ro 


Output resistance 




10 




12 


Vpp 


Output voltage swing 
(peak to peak) 


d = 1 % 
Rx=8.2K<ri 


f = IKHz 




24 




V 


f = lOOKHz 




22 




V 


Vo 


Output voltage (rms) 


f = IKHz 


6 


8 




V 


f = 20KHz 


6 


8 




V 


RW 


Prwiyior hanHtAiirlth 


\/ = on V/r>r> C3 = Q O U'O 




1SG 




IVl iZ 


SR 


Slew rate 


Gv = 30dB 




14 




V/ms 


G^ = 50dB (C3 = 330pF 
R5 = 47012) 




50 




d 


Total harnnonic 
distortion 


Vo = 3V 


f = IKHz 




0.035 




% 


f =20KHz 




0.035 




% 


d2 


Second order CCIF 

intermodulation 

distortion 


Vol -IV 
Vo2 = lV 

f1 = 14KHz 
f2= 15KHz 


f2-f1 = 1 KHz 




0.01 


0.1 


% 


d3 


Third order CCIF 

intermodulation 

distortion 


2fi-f2= 13 KHz 




0.03 


0.1 


% 


Bn 


* Total input noise 


Rg = 600n 
Rg = 3.3KI2 (°) 




0.6 
1.0 


0.8 


mV 


Rg = 60012 

Rg = 3.3Kn C°) 




0.75 
1.2 




mV 


S/N 


* Signal to noise ratio 


Vo = 500mV 


Rg -3.3K 

Rp = 600 (0) 

Rg=0 




74 
78 
80 




dB 


Rg = 3.3K 

Rg = 600 (°o) 

Rg = 




72 
76 
78 




dB 


Cs 


Channel separation 


f - 20KHz 

Rg = soon 




100 




dB 


CMR 


Comnnon nnode rejection 


Rg = 60012 




95 




dB 


SVR 


Supply voltage rejection 


Rg = 60012 




85 




dB 


'sh 


Output short 
circuit current 






15 




mA 



(*) Testcircuit of fig. 2 (Gv = 40dB) 
(°) BW = curveA 



(°°) BW= 22Hz to 22KHz 
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Fig. 3 - Harmonic distortion 
vs. output level. 
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Fig. 4 - Harmonic distortion 
vs. frequency. 
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Fig. 5 - Output voltage 
swing vs. frequency. 
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Fig. 6 - Output voltage 
swing vs. load resistance. 
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Fig. 7 - Total input noise 
vs. source resistance. 
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Fig. 8 - Noise density vs. 
frequency. 
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Fig. 9 - Open loop frequen- 
cy response. 
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Fig. 10 - Closed loop gain 
vs. frequency. 

















1 1 




















Vs=t15V 






























































C3=330pF R5=470 i^ 
















1 1 1 


N 














C3 = 3.3nFR5=68iI 




\ 






















\ 


> 


\ 






















\ 


\ 
























\ 
























N 








1 

















Fig. 11 - Two tone CCIF 
intermod. distortion. 
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APPLICATION INFORMATION 

Fig. 12 - Very low dynamic distortion stereo RIAA preamplifier. 
Vs = ± 15V 

RIAA frequency response (20Hz to 20KHz) = ± 0.5 dB 
Harmonic distortion = 0.02% (f = 20KHz) 
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Fig. 13 - RIAA preamplifier 
response. 
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Fig. 14 - Two tone intermo- 
dulation distortion vs. input 
level. 
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Fig. 15 - Maximum output 
level of high quality magne- 
tic cartridge vs. frequency. 
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APPLICATION INFORMATION (continued) 



Fig. 16 - Dynamic range of 
disc nnusic. 




As shown in fig. 15 the maxinnum expected output level of an 
high quality magnetic cartridge playing modern discs is lower 
than 80mV rms. 

The dynamic range needed is about 70dB (fig. 16). 
The TDA2310 is perfectly suited to RIAA preamplifier appli- 
cations due to the ~100 dB dynamic range (150mV input 0.1% 
distortion to 1 juV noise). 



Fig. 17 - PC board and components layout of RIAA preamplifier (1:1 scale) 
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APPLICATION INFORMATION (continued) 
Fig. 18 - Hi-Fi tape preannplifier (EQ. = 70iUs). 
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Fig. 19 -Frequency response 
of graphic equalizer of fig. 20 
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Fig. 20 - Four band graphic equalizer 
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APPLICATION INFORMATION (continued) 

The table shows the suggested compensation networks depending on the slew-rate and gain required 
iQ the application. 



Slew-Rate 

(V/ms) 



G^ min. 
(dB) 



Compensation 
Network 



Note 



50 



50 




R = 470n 
C = 330pF 



High gain 
Applications 



14 



30 




R =6812 
C = 3.3nF 



RIAA 
Preannplifier 



14 



10 




Rl = 56Kr2 
R2=180Kn 
R3 = 68012 
Ci= lOnF 



Inverting 
Configuration 



R = 6812 



C = 3.3nF 



Rl=R2=56K12 
R3 = 68012 
Ci = lOnF 



20 




R = 33 12 
C= lOnF 



Low 

Slew-Rate 

Applications 




R = lOli 
C = 47 nF 
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LINEAR INTEGRATED CIRCUIT 



PRELIMINARY DATA 



PREAMPLIFIER FOR INFRARED REMOTE CONTROL SYSTEMS 

The TDA 2320 is a monolithic integrated circuit in iVIinidip package specially designed to amplify the IR 

signal in remote controlled TV or radio sets. It directly interfaces with the digital control circuitry. 

The TDA 2320 incorporates a two stages amplifier with excellent sensitivity and high noise immunity. 

It can work with a single 5V supply voltage and "with" or "without" carrier transmission modes as 

provided for example by the M709/M710 C/MOS transmitter. 

The TDA 2320 is particularly intended to be used in conjunction with the Ml 03, Ml 04 and M206 + 

M3870 remote control receivers. 



ABSOLUTE MAXIMUM RATINGS 



Vs Supply voltage 

T^ta i Storage and Junction temperature 

Total power dissipation at Tamb— 70°C 



'stg, j 
Ptot 



20 V 

-40 to 150 °C 

400 mW 



ORDERING NUMBER: TDA 2320 



MECHANICAL DATA 



Dimensions in mm 



J..J 


Jtj^ 


? 


\W„U„W 


|te 




■^ 




mL X- 


\:m'i': 


I 7-62 . 








n n n n 



U U U U 
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CONNECTION AND BLOCK DIAGRAM 

(top view) 
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SCHEMATIC DIAGRAM 

(one section) 



INVERTING NON INVERTING 

INPUT INPUT 

O 



Dllf 



D2]r 




THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 200 °C/W 
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ELECTRICAL CHARACTERISTICS (Vs= 5V, Tamb= 25^ 
specified) 



C, single amplifier, unless otherwise 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




4 




20 


V 


Is Total supply current 


Vs = 20V 




0.8 


2 


mA 


lb Input bias current 






100 


500 


nA 


Vqs Input offset voltage 


Rg<10K12 




0.5 




mV 


Iqs Input offset current 






15 




nA 


Gv Open loop voltage gain 


f = 1 KHz 


64 


70 




dB 


f = 100 KHz 




30 




dB 


B Gain bandwidth product 


f = 40 KHz 


1.5 


3 




MHz 


SR Slew rate 


Rl= 2Kn 




1.5 




V/ms 


eisi Total input noise voltage 


f = 40 KHz 
Rg= lOKH 




20 




nv/v/nl 


Vq. DC output voltage swing 






2.5 




Vpp 


SVR Supply voltage rejection <*^ 


f = 1 00 Hz 




80 




dB 



(*) Circuit of fig. 1. 



APPLICATION INFORMATION 



Fig. 1 - Application circuit with carrier 




Fig. 2 - Alternative input 
stage 
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APPLICATION INFORMATION (continued) 

The preannplifier shown in fig. 1 must be used with carrier mode transmission. It is particularly suitable 
for use with microprocessor decoding system (for instance with the M206 + M3870 or M3872 TV PLL 
frequency synthesizer). 

The "with carrier" signal is sent as a burst (fcarr— 38 KHz) to reduce power consumption at the transmit- 
ter (duty cycle = 1%) and to allow the receiver to have some bandwidth limiting in the preamplifier to 
improve noise immunity (50/100 Hz pulses from incandescent lighting). 

The fig. 2 shows an alternative configuration for the input stage: this new circuit allows the correct 
operation of the preamplifier even when an incandescent lamp is very close to the I R diode. 
Using this configuration, the circuit has only a slight degradation in the useful range. 



Fig. 3 - Tuned amplifier application (with carrier) 




Fig. 4 - Application circuit without carrier 



O + 5V(t10'/.) 
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APPLICATION INFORMATION (continued) 

The circuit shown in fig. 4 works in transmission mode without carrier. The transmitted signal is sent as 
a series of single pulses (rather than bursts, as with the carrier solution). 

The DC bias network formed by the 82/2.2 Kn divider and 1N4148 diode fixes the DC output voltage 
near the supply voltage (just under the saturation level). In this way it is possible to optimize the noise 
Immunity of the receiver. The 2.2 Kn output resistance avoids turn-off problems in the final stage. 



Performance 



Supply voltage 


4.5V min; 5.5V max 


Quiescent drain current 


6 mA 


Supply voltage rejection (f = 100 Hz) 


greater than 50 dB 


Useful range (using the transmitter of fig. 7) 


14 mt 



With a incandescent light (7RW) as a noise source located at 1 mt from the receiver the useful range 
decreases to 1 mt. 

Fig. 5 - Optimized preamplifier ("no carrier" mode) 




Fig. 6 - P.C. and components layout of the circuit of fig. 5(1:1 scale) 
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APPLICATION INFORMATION (continued) 
Fig. 7 - I R transmitter using M709 or i\/l710 
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Fig. 8 - MMC II - PLL TV Frequency synthesizer 




Fig. 9 - IR Preamplifier and Remote Control receiver for 32 channels voltage synthesizer (EPM - M293) 
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LINEAR INTEGRATED CIRCUIT 



PRELIMINARY DATA 



MINIDIP STEREO PREAMPLIFIER 

The TDA 2320A is a stereo class A preamplifier intended for application in portable cassette players 

and high quality audio systems. 

The TDA 2320A is a monolithic integrated circuit in a 8 lead minidip which features: 

— Wide supply voltage range (3 to 36V) 

— Single or split supply operation 

— Very low current consumption (0.8 mA) 

— Very low distortion 

— No pop-noise 

— Short circuit protection 



ABSOLUTE MAXIMUM RATINGS 



Vg Supply voltage 

Ptot- Total power dissipation at Tamb= 70°C 

Tstg/ j Storage and junction temperature 



36 V 

400 mW 

-40 to 150 °C 



ORDERING NUMBER: TDA 2320A 



MECHANICAL DATA 



Dimensions in mm 



.6.4"'^\. 
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CONNECTION AND BLOCK DIAGRAM 

(top view) 
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TEST CIRCUITS 



Fig. 1 
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THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 200 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits, Vg = 15V, Ta^b^ 25°C, unless 
otherwise specified) 



Parameter 


Test conditions 


1 

Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage (*) 




3 




36 


V 


Ig Supply current (*) 






0.8 


2 


mA 


It, Input bias current 






150 


500 


nA 


Vqs Input offset voltage 


Rg< lOKn 




0.5 


5 


mV 


Iqs Input offset current 






10 


50 


nA 


Gyj Open loop voltage gain 


f = 333 Hz 




80 




dB 


Vs= 15V f = 1 KHz 




70 




f = 10 KHz 




50 




Vs = 4.5V f = 1 KHz 




70 




Vq Output voltage swing (*) 


f = 1 KHz Vs= 15V 




13 




Vpp 


RL=600r2 Vs=4.5V 




2.5 




B Gain-bandwidth product 
BW Power bandwidth {*) 


f = 20 KHz 


1.5 


2.5 




MHz 


Vo= 5 Vpp 

d = 1 % 


40 


70 




KHz 


SR Slew rate!*) 




1 


1.6 




V/mS 


d Distortion (*) 


Vo= 2V f = 1 KHz 




0.03 




% 


Gv=20dB f=10KHz 




0.08 




e^ Total input noise 
voltage (**) 


Curve A Rg= 50n 




1 




mV 


Rg= 600S7 




1.1 


1.4 


Rg= 5 KSl 




1.5 




B = 22 Hz to Rg= 50n 




1.3 




mV 


^^ '^^" Rg= 600f2 




1.5 




Rg= 5 Kf2 




2 




f = 1 KHz Rq= 600n 




9 




i nV/VHz 


Cs Channel separation (**) 


f = 1 KHz 




100 




dB 


SVR Supply voltage (**) 
rejection 


f =100Hz 




80 




dB 



{*) Test circuit of fig. 1. 
(**) Test circuit of fig. 2. 
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Fig. 3 - Supply current vs. 
supply voltage 



Fig. 4 - Supply current vs. 
ambient temperature 



Fig. 5 - Output voltage swing 
vs. load resistance 
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Fig. 9 - Noise density vs. 
frequency 
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Fig. 10 - RIAA preamplifier 
response (circuit of fig. 12) 
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Fig. 11 - Tape preamplifier 
frequency response (circuit 
of fig. 14) 
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APPLICATION INFORMATION 

Fig. 12 - Stereo RIAA preamplifier 22yuFn 
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Fig. 13 - P.C. board and components layout of the circuit of fig. 12 
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APPLICATION INFORMATION (continued) 

Fig. 14 - Stereo preamplifier for Walkman cassette players 




Fig. 1 5 - Second order 2 KHz Butterworth crossover 
filter for Hi-Fi active boxes 
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Fig. 1 6 - Frequency response 
(circuit of fig. 15) 
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APPLICATION INFORMATION (continued) 

Fig. 17 - Third order 2.8 KHz Bessel crossover filter for Hi-Fi 
active boxes +i5v 
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Fig. 1 8 - Frequency response 
(circuit of fig. 17) 
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Fig. 19 - 200 Hz to 2 KHz Active Bandpass Filter for midrange speakers 
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Fig. 20 - Subsonic or rumble filter 




Fig. 21 - High-cut filter 
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0.47 


30 


0.33 


55 
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APPLICATION INFORMATION (continued) 
Fig. 22 - Fifth order 3.4 KHz low-pass Butterworth filter 



Ca S-5153 




For fc = 3.4 KHz and Rj = Rl = R2 = R3 = R4 = 10 Kn, we obtain: 



C1 = 1.354 



C1 = 0.421 



C2= 1.753 



R 


2 7r fc 


1 . 


1 


R 


2 7r fc 


1 . 


1 



2 7r fc 



= 6.33 nF 



= 1.97 nF 



= 8.20 nF 



C3 = 0.309 
C4 = 3.325 



= 1.45 nF 



R 2 7rfc 

-I-- -TT^-r- = 15.14nF 
R 2,7rfc 



The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 1 5 KHz. 



Fig. 23 - Sixth-pole 355 Hz low-pass filter (Chebychev type) 




This is a 6- pole Chebychev type with ± 0.25 dB ripple in the passband. A decoupling stage is used to 
avoid the influence of the input impedance on the filter's characteristics. The attenuation is about 55 dB 
at 710 Hz and reaches 80dB at 1065 Hz. The in band attenuation is limited in practice to the ± 0.25 dB 
ripple and does not exceed 1/2 dB at 0.9 fc. 
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APPLICATION INFORMATION (continued) 
Fig. 24 - Three band tone control 
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Fig. 25 - Frequency response of the circuit of fig. 24. 



A : all controls flat 

B : bass & treble boost, mid flat 

C : bass & treble cut, mid flat 

D : mid boost, bass & treble flat 

E : mid cut, bass & treble flat 
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LINEAR INTEGRATED CIRCUIT 



COMPLETE TV SOUND CHANNEL 

The TDA3190 is a monolithic integrated circuit in a 16-lead dual in-line plastic package. It performs 
all the functions needed for the TV sound channel: 



— IF limiter-amplifier 

— Active low-pass filter 

— FM detector 



— DC volume control 

— AF preamplifier 

— AF output stage 

The TDA 3190 can give an output power of 4.2W (d = 10%) into a 16n load at Vs= 24V, or 1.5W 
(d = 10%) into an 8n load at Vs= 12V. This performance, together with the FM-IF section charac- 
teristics of high sensitivity, high AM rejection and low distortion, enables the device to be used in almost 
every type of television receivers. 

The device has no irradiation problems, hence no external screening is needed. 
The TDA 3190 is a pin to pin replacement of TDA 1 190Z. 



ABSOLUTE MAXIMUM RATINGS 



V, 


Supply voltage (pin 10) 


28 


V 


V, 


Input signal voltage (pin 1) 


1 


V 


lo 


Output peak current (non-repetitive) 


2 


A 


lo 


Output peak current (repetitive) 


1.5 


A 


Ptot 


Power dissipation: atTpjns = 90°C 


4.3 


W 




atTamb=70°C(freeair) 


1 


W 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 3190 



MECHANICAL DATA 



Dimensions in mm 




19.48"^ 



ri n.'n. n n n.n „ni^ 



J 
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CONNECTION DIAGRAM 
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1 


16 


IF DECOUPLING [ 


2 


15 


IF DECOUPLING ( 


3 


14 
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13 
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5 


12 
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6 


11 
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7 


10 
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TEST CIRCUIT 



INPUT 

a — 



100/UF/35V 



Vs 


12 2^ 


V 


Rl 


8 16 


a 


h 


82 ; 47 


n 



♦♦PINS 4-5-12-13 ARE 
CONNECTED TO GROUND 




OVs 



,TP(FM DISCRIMINATOR) 



THERMAL DATA 



Rth j-pins Thermal resistance junction-pins 



R 



th j-amb 



Thermal resistance junction-ambient 



max 
max 



14 
80* 



°C/W 

°c/w 



* Obtained with the GND pins soldered to printed circuit with minimized copper area. 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Vs= 24V, Ta^b= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


V^ Supply voltage (pin 14) 




9 




28 


V 


Vq Quiescent output voltage (pin 1 1 ) 


Vs= 24V 
Vs=12V 


11 
5.1 


12 
6 


13 
6.9 


V 
V 


Id Quiescent drain current 


Pi = 22Kn 
Vs = 24V 
Vs=12V 


11 


22 
19 


45 
40 


mA 
mA 


Pq Output power 


d=10% fm=400Hz 
fo=4.5MHz Af = ±25KHz 
Vs = 24V RL=16ri 
Vs=12V R|_= sn 




4.2 
1.5 




W 
W 


d = 2% fm= 400 Hz 
fo = 4.5MHz Af=±25KHz 
Vs=24V RL=16n 
Vs=12V Rl= 8n 




3.5 
1.4 




W 
W 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vj Input limiting voltage (-3 dB) 
at pin 1 


fo = 4.5MHz Af = ±7.5KHz 
fm= 400 Hz 
Pl = 




40 


100 


mV 


d Distortion 


Po = 50 mW f m= 400 Hz 
fo = 4.5MHz Af = ±7.5KHz 
Vs=24V R|_=16n 
Vs=12V RL=8n 




0.75 

1 




% 
% 


B Frequency response of audio 
amplifier (-3 dB) 


RL=16n C8=120pF 
C7=470pF Pi=22Ki2 
Rf = 82n 
Rf = 47n 




70 to 12000 
70 to 7000 




Hz 
Hz 


Vq Recovered audio voltage (pin 16) 


Vj > 1 mV fo = 4.5 MHz 
fm=400Hz Af = ±7.5KHz 
Fi = 




1 20 




mV 


AMR Ampliture modulation rejection 


Vi>1mV fo = 4.5MHz 
fm=400Hz Af = ±25KHz 
m = 0.3 




55 




dB 


— jTj— Signal to noise ratio 


Vj > 1 mV Vo = 4V 
fo = 4.5MHz fm=400Hz 
Af = ±25KHz 


50 


65 




dB 


R3 External feedback resistance 
(between pins 9 and 1 1 ) 








25 


Ka 


Rj Input resistance (pin 1) 


Vi=1 mV 
fo = 4.5 MHz 




30 




Kn 


Cj Input capacitance (pin 1 ) 




5 




pF 


SVR Supply voltage rejection 


Rl= 161i 
frlpple=120Hz 
Pi = 22 Kn 




46 




dB 


Av DC volume control attenuation 


Pl = 12 KH 




90 




dB 
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Fig. 1 - Relative audio out- 
put voltage and output noise 
vs. input signal. 



Fig. 2 - Output voltage at- 
tenuation vs. DC volunne 
control resistance. 




Fig. 3 - Amplitude modu- 
lation rejection vs. input 
signal 




Fig. 4 - AAMR vs. tuning 
frequency change. 
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Fig. 5 - Recovered audio 
voltage vs. unloaded Q factor 
of the detector coil 
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Fig. 6 - Distortion vs. 
output power 
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Fig. 7 - Distortion vs. fre- 
quency deviation 
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Fig. 8 - Distortion vs. tun- 
ing frequency change 
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Fig. 9 - Audio amplifier 
frequency response 
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Fig. 10 - Supply voltage 
ripple rejection vs. ripple 
frequency 
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Fig. 11 - Supply voltage 
ripple rejection vs. volume 
control attenuation 
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Fig. 12 - Output power vs. 
supply voltage 



























































|V| =1mV 

Jfo =4.5 MHz 

|fm=400Hr 

~'A,=i25kHz 




















































/ 




















/ 










■ ^Qo=60 












y 
























/ 




/ 
























/ 




/ 




















Mrl-sa 


/ 


/ 


Rl=16A 






T 










/ 




/ 












i 










/. 


/ 
























/I/ 


























^^ 


























y^ 


^ 























-40 -50 -60 



Fig. 13 - Maximum power 
dissipation vs. supply volt- 
age (sine wave operation) 
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Fig. 14 - Power dissipation 
and efficiency vs. output 
power 
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Fig. 15 - Quiescent output 
voltage (pin 11) vs. supply 
voltage 
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APPLICATION INFORMATION 

The electrical characteristics of the TDA 3190 remain almost constant over the frequency range 4.5 to 

6 MHz, therefore it can be used in all television standards (FM mod.). The TDA 3190 has a high input 

impedance, so it can function with a ceramic filter or with a tuned circuit that provide the necessary 

input selectivity. 

The value of the resistors connected to pin 9, determine the AC gain of the audio frequency amplifier. 

This enables the desired gain to be selected in relation to the frequency deviation at which the output 

stage of the AF amplifier, must enter into clipping. 

Capacitor C8, connected between pins 10 and 11, determines the upper cutoff frequency of the audio 

bandwidth. To increase the bandwidth the values of C8 and C7 must be reduced, keeping the ratio 

C7/C8 as shown in the table of fig. 16. 

The capacitor connected between pin 16 and ground, together with the internal resistor of 10 Kn forms 

the de-emphasis network. The Boucherot cell eliminates the high frequency oscillations caused by the 

inductive load and the wires connecting the loudspeaker. 
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APPLICATION INFORMATION (continued) 
Fig. 16 -Typical application circuit 



3.2pF 470pF 120pF 
C6 C7 C8 



CI 22pF 
FROM O-ll 
TDA 4A20 
PINU 



Vs 


12 


24 


V 


Rl 


8 


16 


il 


Rf 


82 


47 


il 


C8 


220 


120 


PF 


C7 


1000 


470 


PF 







OVs 



**PINS 4-5-12-13 ARE ♦Ceramic filter 

CONNECTED TO GROUND 



Fig. 1 7 - P.C. board and component layout of the circuit shown in Fig. 16(1:1 scale) 
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MOUNTING INSTRUCTIONS 

The Rth j-amb of the TDA 3190 can be reduced by soldering the GND pins to a suitable copper area of 

the printed circuit board (Fig. 18) or to an external heatsink (Fig. 19). 

The diagram of figure 20 shows the maximum dissipable power Ptot and the Rth j-amb as a function of 

the side "9." of two equal square copper areas having a thickness of 35ai (1.4 mils). 

During soldering the pins temperature must not exceed 260°C and the soldering time must not be longer 

than 12 seconds. 

The external heatsink or printed circuit copper area must be connected to electrical ground. 



Fig. 18 - Example of P.C. board copper area which is 
used as heatsink. 



COPPER AREA 35^ THICKNESS 



Fig. 19 - External heatsink 
mounting example 
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Fig. 20 - Maximum dissi- 
pable power and junction to 
ambient thermal resistance 
vs. side "C" 
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Fig. 21 -Maximunri allowable 
power dissipation vs. am- 
bient temperature 
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LINEAR INTEGRATED CIRCUIT 



DUAL LOW NOISE TAPE PREAMPLIFIER WITH AUTOREVERSE 

ft 

The TDA 3410 is a dual preamplifier with tape autoreverse facility for the amplification of low level 

signals in applications requiring very low noise performance, as stereo cassette players. Each channel 

consists of two independent amplifiers. The first has a fixed gain of 30 dB while the second one is an 

operational amplifier optimized for high quality audio application. 

The TDA 3410 is a monolithic integrated circuit in a 16-lead dual in-line plastic package and its main 

features are: 



Very low noise 
High gain 
Low distortion 
Single supply operation 
Wide supply range 



— SVR= 120 dB 

— Large output voltage swing 

— Tape autoreverse facility 

— Short circuit protection 



ABSOLUTE MAXIMUM RATINGS 



Vg Supply voltage 

Ptot Total power dissipation at Tamb^" 60°C 

Tj, Tstg Storage and junction temperature 



36 V 

600 mW 

-40 to 150 °C 



ORDERING NUMBER: TDA 3410 



MECHANICAL DATA 





''0m^> 


Dimensions in mm 






J ■ 








F^ 


T-fe 


^ r 








<)m^ 


mm 

0.85^160 J 


13 






mBml 








~? 






''\ 11 
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^' 
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':iMMi^ 




nn n n n n n r 


L 






> 




iiiiiiSiiiili^ 



809 



6/82 



TDA3410 



CONNECTION DIAGRAM (top view) 



NON INVERT. 
INPUT A 

INVERT. 
INPUT A 

VOLTAGE REF 
OUTPUT 
INPUT 
INPUT 



1 


16 ] 


2 


15 ] 


3 


14 


U 


13 ] 


5 


12 ] 


6 


1 1 1 


' 7 


io' 




4 



NON INVERT. 
INPUT B 

I NVERT. 
INPUT B 

THRESHOLD 

OUTPUT 

INPUT 



BLOCK DIAGRAM 



11... 



IH>?li^r"^ 




12 
AUTOREVERSE 



THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 150 °C/W 
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SCHEMATIC DIAGRAM 





TDA34I0 



TEST CIRCUIT (Flat Gain -G„= 60 dB) 



'"^c>^P^ 



I^ 



CIO 



INPUT A 220pF-p 

C6?^ 







--'^r^ 

F^^ 




C13* 



R 7 

-ou- 



3.3Knr| I |R5 



D- 



-OVref 




NPUT B 220pF;^ ^S^ ^T^^""^^-^ "^ V^ 




M«,: 



R5=R6 = 47KiI(Vs=U.^tV) 
R5 = R6 = 15Ka(Vs=30v) 



Shielded Test -Box 

S-^05■3/l 



* Mylar or polycarbonate capacitors. 



ELECTRICAL CHARACTERISTICS (Tamb= 25°C, Vs= 14.4V, G^- 60 dB, refer to the test 
circuit, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Is Supply current 


Vs= 8V to 30V 




10 




mA 


Iq Output current (pins 1-15) 


Source 

Vs= 8V to 30V 
Sink 




10 
1 




mA 
mA 


Gv Closed loop gain 


f = 20 Hz to 20 KHz 




60 




dB 


Rj Input resistance 


f=1 KHz 


50 


80 




K^ 


Rq Output resistance (pins 1-15) 


f = 1 KHz 




50 




12 


THD Total harmonic distortion 


Vq- 300 mV f = 1 KHz 
f = 10 KHz 




0.05 
0.05 




% 
% 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vq Output voltage swing (pins 1-1 5) 


Peak to Peak l^^^^^"" 




12 
28 




.V 
V 


Vq Output voltage (pins 1-15) 


d=0.5% Vs= 14.4V 
f = 1 KHz Vs= 30V 




4 
8 




Vrms 
^rms 


ep Total input noise (°) 


Rg= 50n 
Rg= 600n 
Rg= 5Kn 




0.25 
0.4 
1.3 


0.6 


mV 
mV 


S/N Signal to noise ratio (°) 


Vjn= 0.3 mV Rg= 600n 
Vjn=1mV Rg=0 




57 
73 




dB 
dB 


CS Channel separation 


f = 1 KHz 




60 




dB 


CT(°°°) Cross-talk (differential input) 


f =1 KHz 




80 




dB 


SVR Supply voltage rejection (°°) 


f = 1 KHz Rg= 600n 




120 




dB 


SVR (°°) Of reference voltage (Pin 4) 


f = 1 KHz 
Rg= 600n 




100 




dB 


^ref Reference voltage (pin 4) 






55 




mV 


Rref Ref. voltage output resistance 
(pin 4) 






100 




n 


^^rei Voltage temperature 






10 




juvrc 


AT coefficient 



(°) The weighting filter used for the noise measurement has a curve A frequency response. 

(°°) Referred to the input. 

(°°° ) Between a disabled input and an input ON. 
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ELECTRICAL CHARACTERISTICS (Refer test circuit, Vs= 30V) 
AMPLIFIER N° 1 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Gy Gain (pins 6 to 5) 




29 


30 


30.5 


dB 


d Distortion 


Vo=300mV f = 1 KHz 
f= 10 KHz 




0.05 
0.05 




% 


ep Total input noise (°) 


Rg= 600^2 




0.4 




mV 


Zq Output innpedance (pin 5) 


f = 1 KHz 




100 




a 


Iq Output current (pin 5) 






1 




mA 


V5 DC output voltage (pin 5) 


Vs = 10V 


1.3 


2 


2.7 


V 



AMPLIFIER N°2 



Gv Open loop voltage gain (pins2to1) 






100 




dB 


Ib Input bias current 






0.2 




mA 


Vqs 1 nput offset voltage 






2 




nnV 


1 OS ' nput offset cu rrent 






0.05 




mA 


BW Snnall signal bandwidth 


Gv= 30 dB 




150 




KHz 


en Total input noise (°) 


Rg= 600a 




2 




mV 


Rj Input impedance 


f = 1 KHz (open loop) 


150 


500 




KQ, 



AUTOREVERSE 



Pin 


Vi2<2V 


Vi2>4.5V 


6-10 


OFF 


ON 


7- 9 


ON 


OFF 



(°) The weighting filter used for the noise measurement has a curve A frequency response. 
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Fig. 1 - Total input noise vs. 
source resistance (curve A) 
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Fig. 2 - Total input noise 
vs. source resistance (BW= 
22 Hz to 22 KHz) 
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Fig. 3 - Total harmonic 
distortion vs. output voltage 
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Fig. 6 - Very low noise stereo preamplifier for car cassette players 
(with Gap Loss Correction and autoreverse function) 



Fig. 5 - Frequency response 
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polycarbonate capacitors 
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Fig. 6 - P.C. board and component lay-out (1 :1 scale) for the circuit of fig. 4 
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Fig. 7 - Stereo preamplifier for car cassette players, with low value 
capacitors (Autoreverse function) 
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Fig. 8 - Frequency response 
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LINEAR INTEGRATED CIRCUIT 



PRELIMINARY DATA 



DUAL VERY LOW NOISE PREAMPLIFIER 



The TDA 3420 is a dual preamplifier for applications requiring very low noise performance, as stereo 
cassette players and quality audio systems. Each channel consists of two independent amplifiers. 
The first one has a fixed gain while the second one is an operational amplifier for audio application. 
The TDA 3420 is available in two packages: 16-lead daul in-line plastic and 16 lead micropackage. 
Its main features are: 

— Very low noise 

— High gain 

— Low distortion 

— Single supply operation 

— Large output voltage swing 

— Short circuit protection 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


20 


V 


Ptot 


Total power dissipation at Tamb= 70°C Dip 


530 


mW 




SO-16 


400 


mW 


Tj.Tstg. 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 3420 (DIP) 
L343M {SO-16) 



MECHANICAL DATA 



Dimensions in mm 




M!!!! 



7.6 



DIP 



J^...U..U...^4M 



ill] 



n n n n n n n 



U u U.U U u U u 



0.635^^'' 



6.3"^^ 



SO-16 
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CONNECTION DIAGRAMS 



NGN INVERT. 
INPUT A 

INVERT. 
INPUT A 

N.C. 

OUTPUT 

INPUT 

INPUT 

GND 



1 


\J 


16 


2 




15 


3 




U 


U 




13 


5 




12 


6 




11 


7 




10 


e 




9 



*Vs 


OUTPUT A 


OUTPUT B 


NON INVERT. 
INPUT A 


NON INVERT. 
INPUT B 


GND 


1 NVERT. 
U^PUT B 


INVERT. 
INPUT A 


N.C. 


OUTPUT 


OUTPUT 


INPUT 


INPUT 


INPUT 


INPUT 


GND 





16 




15 


^ 


U 




13 




12 




1 1 




10 




9 



NON INVERT. 
INPUT B 



OUTPUT 
INPUT 
INPUT 



DIP 



SO-16 



BLOCK DIAGRAM(Pin numbers refer to the DIP) 



INPUKL) 



2»AMPL^> O OUTPUT ( L ) 

1 I 




OUTPUT(R) 



THERMAL DATA 


DIP 


SO-16 


Rth j-amb Thermal resistance junction-ambient max 


150°C/W 


200°C/W * 


* The thermal resistance is measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 
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Fig. 1 - Test circuit 



csno.i^F 



HF 



INPUTq C1 | [ ]10xjF 






-0 + Vs 




lc3 C6£ ^- 

|220pF lOpf'-p ,^ 



1 ^ C8 



R5 

-Cllh 



\\-^Vl] 



0.22juF 



Ripi R3rh 
3.3KI1M Mz^Kil 



INPUTrwHjfl!2il!L^^_9 
(R) V 






T 

n-c4 c7r~ 
220pF 10|jF^ ,___q_ 



R2n R^rS iooKn 



Note: Pin numbers refer to DIP. 



Fig. 2 - P.C. board and components layout of the circuit of fig. 1(1:1 scale) 
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Fig. 3 - Test circuit without input capacitors 



INfPUT(L); 



^ 1"-^^^ t O^v 




T2OPF lO^F^ ^ 



R1 HS R3r 
3Kn |82Kn. 



INPUT(R)^ 




IT U 



X2 c£-^ 

|220pF lO|jF-y- I 




R6 

HZZh 



Zlh-o 



0.22 /jF 



Note: Pin numbers refer to the DIP. 
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3KAU U82Kn 



ELECTRICAL CHARACTERISTICS (Ta^^b^ 25°C, Vs= 14.4V, G^= 60 dB refer to the test 
circuit of fig. 1, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Is 


Supply current 


Vs= 8V to 20V 




8 




mA 


lo 


Output current 


Source 


Vs= 8V to 20V 




10 




mA 


Sink 




1 




mA 


Gv 


Gain 


f = 1 KHz 




60 




dB 


Ri 


Input resistance 


50 


100 




K^ 


Ro 


Output resistance 




50 




n 


THD 


Total harmonic distortion 
without noise 


Vo= 300 mV 


f =1 KHz 




0.05 




% 






f=10KHz 




0.05 




% 



820 



TOA34S 



ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vo 


Peak to peak output 
voltage 


f = 40 Hz to 15 KHz 




12 




V 


en 


Total input noise (°) 


Rs=50n 
R^= 600 n 
Rs= 5 KH 




0.25 
0.4 
1.3 


0.7 




S/N 


Signal to noise ratio (°) 


Vjn=0.3mV Rs= 600 n 
Vin= 1 mV Rs=0 




57 
73 




dB 


(CO) 


Vjn=0.3mV Rs= 600 12 
Vin= 1 mV Rs=0 




55 
71 




dB 


CS 


Channel separation 


f = 1 KHz 




60 




dB 


SVR 


Supply voltage 

rejection (°°°) 


f = 1 KHz Rs= 600 n 




110 




dB 



(°) Weighting filter : curve A. 

(° = ) Weighting filter : Dolby CCIR/ARM. 

(=°°) Referred to the input. 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit of fig. 1, Vs- 14.4V) 
AMPLIFIER N° 1 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Gv Gain (pin 6 to pin 5) 




27.5 


28.5 


29 


dB 


d Distortion 


Vo= 300 mV f - 1 KHz 
f = 10 KHz 




0.05 
0.05 




% 


en Total input noise (°) 


Rs= 600n, 




0.4 




mV 


Zq Output impedance (pin 5) 


f = 1 KHz 




100 




n 


Iq Output current (pin 5) 






1 




mA 


V5 DC output voltage (pin 5) 


Test circuit fig. 3 




2.8 




V 


Test circuit fig. 1 


1.0 


1.5 





(°) Weighting filter: curve A. 
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ELECTRICAL CHARACTERISTICS (continued) 
AMPLIFIER N° 2 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Gv Open loop voltage gain 






100 




dB 


1 g 1 nput bias current 






0.2 




juA 


Vqs 1 nput offset voltage 






2 




mV 


Iqs Input offset current 






50 




nA 


en Total input noise (°) 


Rs= 600n 




2 




JuV 


Rj Input impedance 


f = 1 KHz (open loop) 


150 


500 




Kn 



°) Weighting filter: curve A. 



Fig. 4 - Total input noise vs. 
source resistance (curve A) 



Fig. 5 - Total input noise vs. 
source resistance(BW=22Hz 
to 22 KHz) 



Fig. 6 - Total harmonic dis- 
tortion vs. output voltage 
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Fig. 7 - Output voltage vs. 
frequency 



Fig. 8 - Distortion vs. input 
level (test circuit of fig. 1) 



Fig. 9 - Frequency response 
of the circuit of fig. 1 
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EQ.=120/us 
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Fig. 10 - Very low noise stereo preamplifier for cassette players 
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Fig. 1 1 - Complete 20 + 20W stereo tape playback system 
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LINEAR INTEGRATED CIRCUIT 



PRELIMINARY DATA 



5 BIT BINARY TO 7-SEGMENT DECODER DRIVER 



• ROM MASK OPTION 

• STANDARD CONFIGURATION FOR 2 DIGIT 7-SEGMENT LED TO PRESENT THE NUMBERS 
1 TO 32 

• CONSTANT CURRENT OUTPUT STAGES FOR DIRECT DRIVING OF COMMON ANODE LEDs 

• OUTPUT PROVIDED TO DISPLAY THE STAND-BY MODE 

• AV OUTPUT ACTIVATED WHENEVER PROGRAM 32 IS SELECTED 

• TTL COMPATIBLE INPUTS 

• 5V SUPPLY VOLTAGE 

The TDA 4092 is a monolithic integrated circuit designed to display the program number (1 to 32) in 

TV or Radio sets in conjunction with voltage or frequency synthesizers. The inputs accept a 5 bit binary 

code with TTL levels and have internal pull-up. 

The outputs can directly drive LED display elements with common anode. 

One of these outputs is intended to display the stand-by mode of the set. 

No extRrnal riPfiktnr^; arp rpniiirpH if thp LEDs 3r8 SU'^'^lled 2t 5V. 

The LEDs can also be supplied with higher voltage (up to 18V) but in this case a single resistor in series 
with the LED elements must be used in order to limit the power dissipation of the IC; moreover, a suit- 
able Rext must be chosen. 
The circuit is produced in |2 L technology and is available in a 24 pin dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS 



Vs 
V, 



' O (off) 



Tstg/Tj 



Supply voltage 

Input voltage 

Off state output voltage 

Output current 

Total power dissipation at Tamb= 55°C 

Storage and junction temperature 

Operating temperature 



10 


V 


10 


V 


20 


V 


22 


mA 


0.8 


W 


25 to 150 


°C 


Oto 70 


°c 



ORDERING NUMBER: TDA 4092 
MECHANICAL DATA 



Dimensions in mm 




31.2^^^ 




' 




13 


) 






^.^ 



6/82 
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CONNECTION DIAGRAM (top view) 



BINARY 
INPUTS 



OUTPUT5(T0 
THE MOST 
SIGNIFICANT 
DIGIT) 



GND 




V 






*Vs 


PA 




2 


23 


-| BRIGHTNESS 
-■ CONTROL 


PB 




3 


22 


] STAND-BY INPUT 


PC 




U 


21 


T DECIMAL 
J POINT OUTPUT 


PD 




5 


20 


■1 AV OUTPUT 
J(OPEN- COLLECTOR) 


PE 




6 


19 


J ^ 




a 




7 


18 


] b 




b 




8 


17 


J '^ 


OUTPUTS 


c 




9 


16 


] ^ 


(TO THE LEAST 
SIGNIFICANT 


d 




10 


15 


] ® 


DIGIT) 


e 




11 


U 


] f 




g 




12 


13 


] g 





BLOCK DIAGRAM 



BINARY 
INPUTS 











1 












TTL to I^L 

LEVEL 

TRANSLATOR 




VOLTAGE 
REFERENCE 
















CONTROL 












\ 














, r^ ns\ V 








INJECTOR 
CURRENT 
SUPPLY 








»■ 




PE' 




OUTPUT 






■ 


5 
















ROM 
32 xU 




AV(OPEN COLLECTOR 








OUTPUT) 






TO DISPLAY 
DIGITS 




•^ \y> ^^ ^ 
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APPLICATION CIRCUIT 






U^ 



a 

M^ 



LSD Av 



BRIGHTNESS 
CONTROL 



STAND-BY 
PA PB PC PD PE 



I I 5-5227 



(*) R is necessary only with V^ greater than 5.5V. 



THERMAL DATA 



f^th j-amb Thermal resistance junction ambient 



max 120 °C/W 



ELECTRICAL CHARACTERISTICS (Vs= 5V, Tamb= 25^0 unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




4.5 




5.5 


V 


Is Quiescent supply current 


Vs= 5.5V 




20 


28 


mA 


V|i_| High level input voltage 


Tamb=0to70°C 


2 






V 


V||_ Low level input voltage 


Tamb=0to70°C 






0.8 


V 


l|j_^_ High level input current 


Tamb=0to70°C 
Vg = 5.5V 


V,H=2V 






100 


nA 


1 1 L Low level input current 


V,L=0.8V 




-50 


-200 


mA 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vout Output voltage 


lo= 15 mA 


2 






V 


V AV output voltage (pin 20) 


(All the binary inputs high) 
Iav= 1-6 mA 




50 


260 


mV 


Ib Pin 23 input current 
(Brightness control) 


Rext= 3.3 Kn 




-375 




mA 


Rext= 5.6 Kn 




-225 




Iq Output current (*) 


Rext= 3.3 K 


13.5 


15 


16.5 


mA 


Rext= 5.6 K 


8 


9 


10 


Idp Output current for 

decimal point (pin 21)(**) 






12.5 




mA 


AIq 
-j — /AVg Segment current 

° stability 


lo = 15mA 
Vs= 4.5 to 5.5V 




0.2 




% 



(*) lo= 40- Ib 

(**) Idp is fixed and independent of Rext value. 
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FUNCTION TABLE 



INPUTS 


Number 


OUTPUTS 




























A B 


c 


D E 


Standby 


displayed 


a 


ten's digit (MSD) 
b c d e 


9 


a 


unit's digit (LSD) 
b c d e f 


g 


DP 


AV* 


L L 


L 


L L 


L 


1 












on on 








H L 


L 


L L 


L 


2 










on 


on on on 


on 






L H 


L 


L L 


L r 


3 










on 


on on on 


on 






H H 


L 


L L 


L 


4 












on on on 


on 






L L 


H 


L L 


L 


5 










on 


on on on 


on 






H L 


H 


L L 


L 


6 










on 


on on on on 


on 






L H 


H 


L L 


L 


7 










on 


on on 








H H 


H 


L L 


L 


8 










on 


on on on on on 


on 






L L 


L 


H L 


L 


9 










on 


on on on on 


on 






H L 


L 


H L 


L 


10 




on 


on 




on 


on on on on on 








L H 


L 


H L 


L 


11 




on 


on 






on on 








H H 


L 


H L 


L 


12 




on 


on 




on 


on on on 


on 






L L 


H 


H L 


L 


13 




on 


on 




on 


on on on 


on 






H L 


H 


H L 


L 


14 




on 


on 






on on on 


on 






L H 


H 


H L 


L 


15 




on 


on 




on 


on on on 


on 






H H 


H 


H L 


L 


16 




on 


on 




on 


on on on on 


on 






L L 


L 


L H 


L 


17 




on 


on 




on 


on on 








H L 


L 


L H 


L 


18 




on 


on 




on 


on on on on on 


on 






L H 


L 


L H 


L 


19 




on 


on 




on 


on on on on 


on 






H H 


L 


L H 


L 


20 


on 


on 


on on 


on 


on 


on on on on on 








L L 


H 


L H 


L 


21 


on 


on 


on on 


on 




on on 








H L 


H 


L H 


L 


22 


on 


on 


on on 


on 


on 


on on on 


on 






L H 


H 


L H 


L 


23 


on 


on 


on on 


on 


on 


on on on 


on 






H H 


H 


L H 


L 


24 


on 


on 


on on 


on 




on on on 


on 






L L 


L 


H H 


L 


25 


on 


on 


on on 


on 


on 


on on on 


on 






H L 


L 


H H 


L 


26 


on 


on 


on on 


on 


on 


on on on on 


on 






L H 


L 


H H 


L 


27 


on 


on 


on on 


on 


on 


on on 








H H 


L 


H H 


L 


28 


on 


on 


on on 


on 


on 


on on on on on 


on 






L L 


H 


H H 


L 


29 


on 


on 


on on 


on 


on 


on on on on 


on 






H L 


H 


H H 


L 


30 


on 


on 


on on 


on 


on 


on on on on on 








L H 


H 


H H 


L 


31 


on 


on 


on on 


on 




on on 








H H 


H 


H H 


L 


32 


on 


on 


on on 


on 


on 


on on on 


on 




on 


X X 


X 


X X 


H 


none 




.,.. -.-. 


on 


** 



H = High L = Low X = Don't care 

* AV: open collector output. 
** AV output is "on" whenever the input bits are all high, regardless of the standby input. 
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APPLICATION INFORMATION 

Fig. 1 - Remote controlled voltage synthesizer (up to 32 stations) for TV and radio 



Hlh 



500KHZ 



TDA 
^092 



M709 l^-^i~ 



ON/OFF 
TELETEXT 



DOWN 
BAND 
STORE 



3AND 
STOP/AFC 



AFC 
I VIDEO 
CRT H FLYBACK 



When operating with a supply voltage higher than 5.5V for LED elements, it is necessary to limit the IC 
power dissipation by means of one external resistance connected in series with the common point of the 
digits (R in fig. 2). 

Unused outputs must be connected to Vj taking into account the additional power dissipation. 
The value of R must be chosen taking into account the worst 
working conditions. 

The maximum number of ON segments is 12 (number 28 dis- 
played), so, 

Vq ~ Vp " Vput min 



Fig. 2 - Schematic diagram 
for LED driving. 



R^ 



12 



1 |R 



Id, depending on Rext (see Table of Electrical characteristics), can 
be fixed to the most suitable value to minimize the power dissi- 
pation in the IC. Since the worst condition for the device is with 
seven outputs active, it follows that: 



d out ^ 7 • Id (Vc - Vd - 7R • Id) Power dissipation in the output 

stage 



(®''®' 



V/ 



Ptnt — Ph 



+ Pr 



Power drained from the supply 
Total power dissipation 



Ptot niust not exceed the Absolute Maximum Ratings of 800 mW, at Tamb= 55°C. 
Otherwise the maximum operating ambient temperature can be fixed by: 



K"" Tj I 



- R 



th j-amb Hot 



Example: 

Vc = 18V; Id = 10 mA (fixed by means of Rext= 5.6 Kn); 

Tjmax=150°C; Vd = 2V; Vs = 5.5V. 

Applying the previous formulae. It follows that: R = 120^; 
Ptot= 0.686W; Tarnb max= 68°C. 



Vout min— 2V; 

Pd out= 0.532W; 



>c= 28 mA; 



Pd = 0.154W; 



829 



TDA4420 



LINEAR INTEGRATED CIRCUIT 



VISION IF SYSTEM WITH AFC 

• HIGH GAIN-HIGH STABILITY 

• VERY LOW INTERMODULATION PRODUCTS 

• MINIMUM DIFFERENTIAL ERROR 

• CONSTANT INPUT IMPEDANCE INDEPENDENT OF AGC 

• FAST AGC GATING-ACTION, LARGELY INDEPENDENT OF PULSE SHAPE AND AMPLITUDE 

• ADJUSTABLE WHITE LEVEL 

• LARGE AFC OUTPUT CURRENT SWING (PUSH-PULL OUTPUT) 

• SWITCHABLE AFC 

The TDA4420 is a monolithic integrated circuit in 18 lead dual in-line plastic package. The functions in- 
corporated are: 

— gain controlled vision IF amplifier 

— video demodulator controlled by picture carrier 

— AGC detector with gating facility 

— AGC amplifier for tuner drive with variable delay 

— phase comparator for AFC current generation 

— electronic AFC switch, controlled by a DC threshold detector 

— thermally compensated push-pull AFC output stage. 



ABSOLUTE MAXIMUM RATINGS 



Vs 



' stg' 



Supply voltage (pin 15) 

Voltage at pin 5 

Video DC output current 

Total power dissipation at Ta^b ^ 70°C 

Storage and junction temperature 



15 


V 


15 


V 


5 


mA 


1 


W 


40 to 150 


°C 



ORDERING NUMBER: TDA 4420 
MECHANICAL DATA 



Dimensions in mm 




, n, 


U 


H 


M 




;m 


M 


M 


n, 


& 


# 


# 


# 


# 


II 


^ 


# 


n 
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CONNECTION DIAGRAM (top view) 



wkMm 



INPUT 1 


1 


18 


BIAS I 

DECOUPLING I 


2 


17 


GROUND I 


3 


16 


AGC TIME 1 
CONSTANT I 


^ 


15 


TUNER AGC ( 
OUTPUT I 


5 


U 


TUNER AGC I 
DELAV I 


6 


13 


FLYBACK f 
PULSE INPUT! 


7 


12 


CARRIER r 
TUNING I 


8 


n 


AFC f 
TUNING I 


9 


10 



POSITIVE 

VIDEO 

OUTPUT 

NEGATIVE 

VIDEO 

OUTPUT 

V/HITE LEVEL 



BLOCK DIAGRAM 






FROM J INPUT 

TUNER n FILTER 




4 



CONTROL 
VOLTAGE 
AMPLIFIER 



^^^ 



X 



AFC SWITCH 



DISCRIMINATOR 



TUNER AGC 
THRESHOLD 
CONTROL 






X -^ 



IT 1 



^ 16 A FC OUTPUT 

-Hi K po 

VIDEO 
OUTPUTS 
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TEST CIRCUIT 



fo=38.9KHz 




Note: (*) C s 1.5 pF (pin and lead capacitance). 



THERMAL DATA 



Rth j-amb Thermal resistance junction-ambient 



max 80 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit; Vj = 12V, fo = 38.9 MHz; 
Pi = 2.5 Kn; pin 7 connected to GND; P2 adjusted for Vi3= 3.3Vpp; AFC off; Tamb= 25°C unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


DC CHARACTERISTICS 


Vs 


Supply voltage range (pin 15) 




10 


12 


15 


V 


's 


Supply current (pin 15) 






52 




nnA 


Vi4 


Video output DC voltage 


Vi3=5.5V (1) 




5.6 




V 


Vi3 


Video output DC voltage 


pin 12 open (1) 






4.5 


V 


pin 12 grounded (1) 


7 






V 


Vl3 


Peak black clamping level at 
negative video output 




1.75 


1.9 


2.15 


V 


'13 


Output DC current (pin 13) 


Vs=15V Vi3=8V 




1.6 




mA 


'9' 'lO 


DC control current for AFC off 




150 


300 




mA 
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ELECTRICAL CHARACTERISTICS (continued) 



Mm 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 



AC CHARACTERISTICS 



I5 Available tuner AGC current 


(2) 




10 




mA 


V7 AGC gating pulse input peak 
voltage 


f pulse = 15625 Hz (3) 


-1.5 


-3 


-5 


V 


Vq Peak to peak video output 
signal (pin 13) 


Vi3=5.5V (4), (5) 




3.3 




V 


Vi3=6.4V (4), (5) 




4.2 




V 


AVj AGC range 


(6) 


50 


60 




dB 


B Frequency response (-3 dB) 


(4) 


8 


10 




MHz 


Vj Input sensitivity 


(7), (8) 


100 


150 


200 


mV 


V23, Vi4 Video carrier and video carrier 
2nd harmonic leakage at video 
output 


Vj = 30dB fo = 38.9 MHz 
(4) 2 fo= 77.8 MHz 






30 
50 


mV 
mV 


y 14 Sound IF at positive video 
output (5.5 MHz) 


(4), (9) 


30 






mV 


d Differential distortion of 

negative video output signal 


Vi = 30dB 

(standard staircase modulating 

signal) 




3 




% 


djrn Intermodulation product at 
video outputs (1.07 MHz) 


(4), (10) 




-50 




dB 


Rj Input resistance between pins 
1 and 18 


(4) 




1.4 




Kfi 


Cj Input capacitance between pins 
1 and 18 




2 




pF 


Vjg AFC voltage range 


(11) 


1 




V3.I.5 


V 


\lQ Maximum available AFC current 


(12) 






±3 


mA 


^'l6 AFC slope 
Af 


(13) 




±0.01 




mA 
KHz 



Notes: 

(1) Vi3 and Vi4 are simultaneously adjustable by means of the resistance connected between pin 12 and ground (P2). 

(2) AVj = +60 dB (see note 7); f^ = 100 KHz; m = 0.82. 

(3) Input at pin 7 through C8. 

(4) The input voltage Vj can have any value within the AGC range. 

(5) P2 adjusted for Vi3= 5.5y or Vi3= 6.4V; f^^ 100 KHz; m = 0.82. 

(6) AVo = 1 dB; fm= 1 00 KHz; m = 0.82. 
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(7) 

(8) 

(9) 

(10) 

(11) 
(12) 
(13) 



The measured amplitude is assumed as dB reference level of Vj that is the rms value of the unmodulated video 

carrier (modulation down). 

P2 is adjusted in order to have Vi3= 3Vpp at Vj = 4 mV, then the sensitivity is obtained as the minimum input 

voltage that maintains this output level. fm= 100 KHz; m = 82%. 

fo= 38.9 MHz (video carrier); fg = 33.4 MHz (sound carrier); the amplitude of the sound carrier is 30 dB below the 

amplitude of the video carrier. 

Vi at fo = 38.9 MHz (video carrier); fg = 33.4 MHz, 6 dB below Vj (sound carrier); fb = 34.47 MHz, 24 dB below 

(Chroma subcarrier). 

= 40 dB; R5 = Rg = 5.1 K^; AFC on; fo = 39.9 MHz; fo = 37.9 MHz. 

= 40 dB; fo = 39.2 MHz; AFC on; Vi6= 6V. 



= 40 dB; fo = 38.9 MHz; f2 = 39.2 MHz; AFC on; Vi6= 6\/. 



Fig. 1 - Set-up for measurement of dj^ 



VIDEO CARRIER 
GENERATOR 
f=38.9 MHz 




CHROMA 
GENERATOR 
f =3A.5 MHz 



SOUND CARRIER 
GENERATOR 
f =33.AMHz 



VIDEO CARRIER INPUT LEVFL: OdB 
CHROMA CARRIER INPUT LEVEL:-6 dB 
SOUND CARRIER INPUT LEVEL:-2AdB 



:P'-^ 



10dB/3tep IdB/step 



TEST 
CIRCUIT 



T 



Fig. 2 - Set-up for measurement of AVo 



VIDEO CARRIER 
GENERATOR 
f = 38.9 MHz 












^ 






a: 


< 



2 


















TEST 
CIRCUIT 






;p 




:? 


- 


















f^ GENERATOR 
f= 0.05 to 5.5 MHz 






1C 


dB/s 


ep1 


dB/st( 


^P 










/r7>\AC VOLTMETER 








K°JUP TO 5.5 MHz 
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APPLICATION INFORMATION 

Ffq. 3^- Application circuit 



-^^■.•..^xVJ-V^^Vt^^N 




Rj; R2; Chi, depend from the SAWF characteristics 



Fig. 4 - TV Signal identification circuit 




(JDAi>^33 only) 

Digital AFC out 
■0(TDA/i431and 
TDA 4A33) 



Pos. video out 



TV signal identification circuit: 

The suggested application circuit is shown in fig. 4. 
The passive connponents are chosen as follows: 

Ri and Rg : these define the AFC response slope. For R^ = R2 = 5.1 Kn, the typical slope is 750/1 1 
KHz/V (with AFC output unloaded). 

Si : switches between low slope (LS) and high slope (HS). The high slope is typically 88/11 

KHz/V. 
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APPLICATION INFORMATION (continued) 

R3 and R4 : the ratio (R3 + R4)/R3 defines the digital AFC width (6f) calculated from the linear AFC 
width (2Af). With Vj = 12V, the relation is: 



5f = 0.036 (2Af) 



R3+ R4 
R. 



: by means of this trimmer it is possible to align the linear tuning with the digital one, at the 
same frequency. The typical relation is: 

Rg = 33 R3 

with R3 = 3.3 Ka , Rg can be a fixed resistor of 1 1 Kii . 



To make better sensitivity adjustment of trimmer R-r2r it is necessary to use only a weak signal at the 
antenna THp viHpn infnrmatinn mu<;t he a black picture or a field of small white Doints on a black field. 
Furthermore, the action of the syncs separator must be as quick as possible. 

In receivers with automatic program search, SI should be in the HS position and then the components 
SI, R1 and R2 can be omitted completely. 

Fig. 5 - Linear and digital AFC characteristics (TDA 4420 and TDA 4431 ) 



TDA4/;20(AFCout) 
Low Slope 




fp =38.9 MHz 
(vision carrier) 
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LINEAR INTEGRATED CIRCUITS 



TDil4431 
TDA4433 



TV SIGNAL IDENTIFICATION CIRCUIT AND AFC INTERFACE 

The TDA4431 and the TDA4433 are monolithic integrated circuits in a 14 lead dual-in-line plastic 
package. They integrate the following functions: 

— TV signal identificator - Sync, separator - Threshold detector - Digital Interface - Voltage regulator 

They are intended for use in Electronic Program Memory tuning systems, the TDA4431 in conjunction 
with M193B1, while the TDA4433 with M293B1. The circuits features are: 

— Identification of true TV stations only. 

— Low impedance output of the identification signal. 

— Digital control signal for automatic search and AFC operation. 

— Thermal compensation of the voltage regulator. 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage (pin 1 ) 


16 


V 


V3 


Voltage at pin 3 


16 


V 


Vl3 


Voltage at pin 13 


-5 to +6 


V 


I2 


Pin 2 current (TDA4431 ) 


±1 


mA 


i6;i2 


Pin 6 and pin 2 current (TDA4433) 


1 


mA 


lio 


Pin 10 current 


2 


mA 


111 


Pin 1 1 current 


2 


mA 


I12 


Pin 12 current 


±2 


mA 


Ptot 


Total power dissipation at Tamb ^ 70°C 


800 


mW 


Tstg.Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBERS: TDA 4431 
TDA 4433 



MECHANICAL DATA 



Dimensions in mm 








2omax 






n, 


XL 


n n n 


JX 


n„ 


5 








&■ - 
,7 


u 


TT 


u u u 


XT 


u 



837 



6/82 



TDA4431 
TDA4433 



CONNECTION AND BLOCK DIAGRAM (TDA4431) 

(Top view) 







V^ 




[ 


' 




K 


OUTPUT [ 


2 




'13 


AFC "s" r 

CURVE INPUT L 


3 




12 


STABILIZED r 
VOLTAGE OUT L 


^ 




11 


lOENTIFICATIONr 






10 


TIME CONSTANTL 






[ 


6 




9 


[ 


^ 




8 



0^ 



ft 

4 



REGULATED VOLTAGE 
OUTPUT 

(e> 



TV SIGNAL IDENTIFICATION CIRCUIT 



-I> 




■rB-n 



-^ 




^ 



CONNECTION AND BLOCK DIAGRAM (TDA4433) 

(Top view) 







Ky 




[ 






K 


OUTPUT A [ 








AFC "s" r 

CURVE INPUT L 








STABILIZED f 
VOLTAGE OUT 1 








IDENTIFICATION! 
TIME CONSTANtI 






10 


OUTPUT B 1 






9 


[ 






8 



VIDEO SIGNAL HORIZONTALfl 
■^^1 FLYBACK -I L 
H FLYBACK 
INPUT 

VIDEO 
SENSITIVITY SIGNAL 
CONTROL 



X 



REGULATED VOLTAGE 
OUTPUT 

© 



TV SIGNAL IDENTIFICATION CIRCUIT 




a- 



il 



^ 




f 



•}{• Open collector 
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TEST CIRCUIT 



Q Hor.Flybi 



"V^h 




-itoBV 
(DC) AFC in 

(f =38.9MHz) 



S - 4048 12 



Si A : Static tests 
B : Functional tests 



S2 A : DC or pulses width 
B : Functional tests 



PjL Digital AFC perfect tuning 
?2 Sensitivity control 



THERMAL DATA 



f^thj-amb Thermal resistance junction-ambient 



max 100 °C/W 



ELECTRICAL CHARACTERISTICS (refer to the test circuit; Vs = 12V, 1^^^ = 25°C, unless 
otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


V5 Supply voltage range (pin 1) 




10.8 




14.5 


V 


Ig Supply current (pin 1 ) 


Vs= 14.5V 






30 


mA 


V2 Output voltage: low 

medium 

high (TDA4431) 


^tuning '^ '0 






0.8 


V 


^tuning "^ ^0 
Vg- 10.8 to 14.5 


5.5 




8.5 


V 


^tuning ^ ^0 


Vs-0.5 






V 


\/2 Output voltage 

(TDA4433) 


^tuning < ^o '2 " 1"^^ 


Vs-0.5 






V 


^tuning "" ^o 






0.8 


V 


^tuning -^ ^0 






0.8 


V 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Output voltage 
(TDA4433) 


^tuning <fo le^l^A 






0.8 


V 


ftuning = fo l6=''nnA 






0.8 


V 


^tuning > ^0 


Vs-0.5 






V 


I2 Output current 
(TDA4431) 








± 25 


mA 


V3 Input voltage range 




4 




8 


V 


V3y Upper threshold voltage 
(see fig. 2) 




V4-25 


V4 


V4+25 


mV 


V3|_ Lower threshold voltage 
(see fig. 2) 




V4-425 


V4-4OO 


V4-375 


mV 


R3 Input resistance 


V3 = V4 


1.4 






Mn 


\/4 Regulated voltage 


14 = 1mA 




6.6 




V 


I4 Output current 








1 


mA 


R4 Output differential resistance 






60 




n 


AV4 


ige thernnal drift 








±2 


mV/°C 


^'s 


Vjo Identification 
output 
voltage 


no identification 


'10 "^ 1nnA 


Vs-1.3 






V 


identification 








20 


mV 


RjO Output resistance 






100 




n 


V12 Switch off threshold voltage 








1 


V 


1 1 2 • nput flyback current 




0.5 




1.5 


mA 


R12 Input resistance 


Vi2=3V 




10 




Kn 


tfiy Flyback pulse duration 




10 




17 


jusec. 


t Tinne delay between leading 
edges of flyback pulse and 
sync, pulse 









3.5 


ju sec. 


Vl3 Video input signal 
(peak to peak) 




2.5 




4.5 


V 


Vi3 Sync, pulse amplitude 
(above black level) 




0.52 






V 


R23 Input resistance 








1.5 


Ka 
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Fig. 1 - Medium output Vol- 
tage Vs. Supply voltage. 



Fig. 2 - Digital AFC thre- 
shold voltage vs. frequency. 
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^ 


















^ 






























































Input Voltage 
(V3) 


TDA4431 


TDA4433 


Output voltage 

(V2) 


Output voltage 
(V2) 


Output voltage 
(Vfi) 


V3>V4 

V4-O.4V < V3 < V4 

V3 < V4-O.4V 


Low level 
Medium level 
High level 


High level 
Low level 
Low level 


Low level 
Low level 
High level 



APPLICATION INFORMATrON (refer to the block diagram) 

TV signal identification circuit: 

The circuit recognizes only TV signals by checking logically during one line the coincidence between 
the horizontal flyback pulse and the pulse detected by a sync, separator. 

The signal identification Is carried out by charging the capacitor connected to pin 5; when the capacitor 
voltage overcomes a fixed threshold voltage, a Schmitt trigger switches and enables the AFC control. If 
a TV signal is recognized, the capacitor is slightly charged every line and its voltage reaches the threshold 
after a number of line which is defined by the value of the capacitor itself. The sensitivity of the iden- 
tification circuit, hence the number of lines required to charge the capacitor, can be adjusted by means 
of the resistor connected between pin 1 1 and ground. 
When the identification has been made, a signal (level L) is available at pin 10. 
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Threshold circuit: 

The circuit detects 3 ranges of AFC voltage and in combination with the TV signal identification circuit 

drives the electronic switches. 

With a correct TV signal, the output levels corresponding to the 3 ranges are: 





TDA4431 

{V2) 


TDA4433 




(V2) 


(Vg) 


f^-fif 


L 


H 


L 


fo 


M 


L 


L 


fo + 5f 


H 


L 


H 



L = Low level 
M = Medium level 
H = High level 



Note that the output levels are different for the two devices. 

The TDA4431 provides three output levels: low (L), medium (M) and high (H). The output at pin 2 
remains at medium level if no video signal is applied at the input or if a video signal is applied but is not 
identified as a true TV signal. 

The TDA 4433 has two separate outputs which can have only two states, high (H) or low (L). The out- 
puts at pin 2 and at pin 6 remain at a low level with no video signal input or with a video signal not 
identified as a true TV signal. Both pin 2 and pin 6 are open collector outputs and must be pulled-up 
to the positive supply voltage by external resistors. 

Voltage Regulator 

The circuit can deliver 1mA and it can be used as D/A converter reference to supply fine tuning voltage. 



Fig. 3 - Application circuit 



TDA 4420 16 

l* 7 






Q 



Pos. video out 




> Digital AFC out 
■^ (TDA 4Z,33 only) 

Digital AFC out 
3{TDAi!iZ.31and 
TDA -i/.SS) 
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The passive components should be chosen as follows: 

Rj and R2 : these define the AFC response slope. For R^ = R2 = 5.1 K^, the typical slope is 750/11 
KHz/V (with AFC output unloaded). 

Si : switches between low slope (LS) and high slope (HS). The high slope is typically 88/11 

KHz/V. 

R3 and R4 : the ratio (R3 + R4)/R3 defines the digital AFC width (5f) calculated from the linear 
AFC width (2Af). With Vs = 12V, the relation is: 



5f = 0.036 (2Af) 



R. + R. 



Ryi : by means of this trimmer it is possible to align the linear tuning with the digital one, 

at the same frequency. The typical relation is: 

Ra = 33 R3 

with R3 = 3.3KI2, Ra can be a fixed resistor of 1 10K12. 

Rx2 ■ t>y means of this trimmer it Is possible to choose the better sensitivity. It is possible to 

put a fixed resistor at pin 1 1 in the range of 68 Kn to 100 Kn. 

To make a better sensitivity adjustment of trimmer R-p2, 't is necessary to use only a weak signal at the 
antenna. The video information must be a black picture or a field of small white points on a black field. 
Furthermore, the action of the syncs separator must be as quick as possible. 

In receivers with automatic program search, SI should be in the HS position and then the components 
SI, R1 and R2 can be omitted completely. 



Fig. 4 — Linear and digital AFC 
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843 



TDA4431 
TDA4433 



EPM SYSTEM CONFIGURATIONS 



1) For 16 channels 



TDA 4431 



M 193 
M 193 A 
M 193 C 



2) For 32 channels 



TDA 4433 




M293 







J) vvitn microprocessor 



TDA 4433 



MP 



]UP interface 



M 206 
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LINEAR INTEGRATED CIRCUIT 



MULTIFUNCTION SYSTEM FOR TAPE PLAYERS 

The TDA 7270S is a multifunction monolithic integrated circuit in a 16-lead dual in-line plastic package 

specially designed for use in car radios cassette players, but suitable for all applications requiring tape 

playback. 

It has the following functions: 

— Motor speed regulator 

— Automatic stop 

— Manual stop 

— Pause 

— Cassette ejection 

— Radio — Playback automatic switching. 

The circuit incorporates also: 

— Thermal protection 

— Short circuit protection to ground (all the pins) 



ABSOLUTE MAXIMUM RATINGS 



Vs 


Supply voltage 


20 


V 


•l 


Sink peak current at pin 1 


2 


A 


•s 


Sink peak current at pin 5 


2 


A 


Ptot 


Power dissipation at Tamb "^ 80°C 


1 


W 


Tstg ;Tj 


Storage and junction temperature 


-40 to 150 


°C 



ORDERING NUMBER: TDA 7270 S 
MECHANICAL DATA 



Dimensions in mm 



r^nn n nn n n 



19.A8"^ 




U U'U u uu u u 



6.A"^^' 



OA 



7.6 
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CONNECTION DIAGRAM 

(top view) 





. 


16. 


MOTOR 
SPEED 
REG. 


2 


15 




3 


K 


CASS. SWITCH 


A 


13 


RELAY 
DRIVER 


5 


12 


AUT STOP 


6 


11 
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' 


10 


vs 


' 


9 



BLOCK DIAGRAM 



X 



\C) 



RELAY 
( 1A MAX) 



'L 



RELAY 
(150mA MAX) 



"X 



±i 



RELAY 
DRIVER 



RADIO 
PLAYBACK 
SWITCHING 



AUTOMATIC 
STOP 



7 +Vc 
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TEST CIRCUIT 




± ±^ -L 



THERMAL DATA 



Rth j^mb Thermal resistance junction-ambient 
Rth j-case Thermal resistance junction-pins 



max 70 °C/W 
max 15 °C/W 



ELECTRICAL CHARACTERISTICS (Refer to the test circuit; Tamb= 25°C; Vg = 14V; Sy at 
B, unless otherwise specified) 



Parameter 


Test conditions 


Min. 


Typ. 


Max. 


Unit 


Vg Supply voltage 




6 




18 


V 


Ijl Quiescent drain current 


Automatic stop-Sa at B 
S4at B 




5 


10 


mA 


Pause - S3 at A; S4 at A 




9 


15 


I5 Maximum output current 
for relay driving 




150 






mA 


Tgd Thermal shut-down case 
temperature 


Ptot=1W 

C'^ =-50.) 
Vref 


105 


125 




°C 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


Test conditions 


Min. 


Typ. 


Max. 

« 


Unit 


MOTOR SPEED CONTROL 


l|Vis Starting current (pin 1 ) 




1 






A 


V^ef Reference voltage (pin 2-3) 


Im= lOOnnA 


1.15 


1.25 


1.35 


V 


^ref 


l|V,= 100 nnA 
Vs=8to 18V 




0.1 


0.4 


%/V 


^^'«' /A, 


l|Vl= 50 to 400 mA 




0.01 


0.03 


%/mA 


AVref ,.^ 


Im= 100 mA 
Tamb=-20to70°C 




0.01 




%/°C 


Vref '""^ 


V2 Operating voltage 


Im= 100 mA AV.ef _ ^^^ 
^ref 


2.4 






V 


K Reflection coeff.(K= Im/It 
see fig. 12) 


Im= 100 mA 


18 


20 


22 


— 


^MV. 
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mA 
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Fig. 1 - Reference voltage 
vs. supply voltage. 



Fig. 2 - Reference voltage 
vs. motor current. 



Fig. 3 - Reference voltage 
vs. ambient temperature. 
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f icient vs. motor current. 
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Fig. 7 - Reflection coef- 
ficient vs. ambient tempe- 
rature. 
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Fig. 8 - Pin 1 saturation 
voltage vs. motor current. 
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APPLICATION INFORMATION 

The TDA 7270S incorporates four different functional blocks: 

1) Motor speed control. 

2) Autostop circuit. 

3) Radio/Playback switching 

4) Relay driver. 

The motor speed control is a conventional circuit providing correction for the internal losses of the 

motor. Fig. 9 shows the external circuit. 

The values of Ry, Rs and R^ determine the regulation characteristics and motor speed. 



Ry — K • Rm 

where K = the iC regulator reflection coefficient and R^ = 
The following condition must be always satisfied 

Rs < 4 Rt 



- motor internal resistance. 



Fig. 9 




The voltage applied across the motor is given by 



Vs-i 



[1 + 



Rt 



(1 



and this is proportional to R^^ which therefore adjusts the speed. 

The voltage between pin 2 and the supply must not fall below 0.3V and so 

R R 

[Vref mm ( ^ ) + 'm min ( "^ ) ] > 0.3V 

The "pause" condition corresponds to V3 < 50 mV; in this condition the motor will stop (Vi_8 < 0.2V), 
the capacitor C2 on the autostop circuit (see below) will no longer be charged and the pin 4 (cassette/ 
radio switch output) will be pulled high. 
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APPLICATION INFORMATION (continued) 

The autostop circuit is siiown in fig. 10. 

In normal operation the capacitor C2 (22 juF) is slowly charged by a constant current drawn by pin 7 of 

15 ixA, and each time the pulser (a switch on the cassette take-up speed shaft) closes, C2 is discharged. 

If the cassette stops, and the pulse stops, the voltage on pin 7 falls. 

This switches the power amplifier state and pin 5 goes low. Pin 5 can be used for one of two purposes: 

1 ) to drive a stop warning light connected from pin 5 supply Vg. 

2) to actuate a solenoid wired either to ground (to release the cassette) or to supply (to eject the cassette). 

Fig. 10 




The pause and/or cassette/radio switching shown in fig. 1 1 has an input/output on pin 4. 
If pin 4 is not used it should be grounded. 



Fig. 11 




This pin has the following logic. 



Cass IN 


Pause 


Pin 4 


Function 


Open 


Open 


>6V 


motor off/radio on 


Open 


Close 


>6V 


motor off/radio on 


Close 


Open 


<1.7V 


motor on/cass. on 


Close 


Close 


>6V 


pause/radio on 



Fig. 12 - Application circuit 



nl'" 
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DESCRIPTfON OF OPERATION (Refer to fig. 12) 

When the cassette is introduced the switch T2 closes, the motor start to turn and the rotary switch 
generates the pulses which keep the levels of pin 5 and pin 7 high. A relay between pin 5 and ground 
holds the cassette. If there are no pulses at pin 6 (because tape stopped) or if the ejection switch T^ is 
closed, the voltages at pin 5 and pin 7 drop; the relay is thus de-energized and the cassette ejected; as 
soon as the cassette is ejected, the switch T2 opens and the motor stops. The capacitor at pin 7 dis- 
charges allowing the system to start again when another cassette is inserted. In other types of mechanical 
systems the cassette is ejected by energizing a relay; in this case the relay must be connected between 
pin 5 and the supply; the sequence of operations is then the same as described above. If the pause switch 
T3 is closed, the motor stops even though there are no pulses at pin 6, the voltage levels at pins 7 and 
5 remain high so the cassette is not ejected and the motor is ready to start again as soon as the pause key 
is released. A voltage for driving the radio-tape switching is available at pin 4. This voltage level is high 
(> 6V) with stopped motor and is low (< 1 .7V) with running motor. 



APPLICATION SUGGESTION (See figure 12) 



Component 


Recommended 
value 


Pu rpose 


Larger than 

recommended 

value 


Smaller than 

recommended 

value 


Alio wee 
Min. 


i range 
Max. 


Ri 


10Ki7 


Limits current 
from pin 7 


Delayed ejection. 
Possibility that 
ejection does not 
work 


High driving 
current at pin 7 





100Ki7 


R2 


560 Ki^ 


By rotary switch 
it produces pulses 
which disable the 
automatic stop 


Undesired 
operation of 
automatic switch 


Possibility of 
audio interference 
spikes 


100Ki2 


2Mn 


R3 


10 KH 


Limits the motor 
current during 
pause (T3 closed) 


Reference voltage 
variation 


Higher motor 
current during 
pause (T3 closed) 
with delayed stop 
of motor 


IKa 


47Kn 


R4 


2.2 Kn 


Fixes voltage of 
pin 4 during pause 
and playback 


Voltage at pin 4 
increases 


Voltage at pin 4 
decreases. Radio- 
Playback switching 
could not work 


1.5Ki7 


2.7Kn 


R5 


560 Kn 


Compensates for 
current loss 
between pin 6 
and ground 


Limited 
compensation 


Necessity to 
increase C^ and 
decrease R2 


lOOKn 


00 


Re 


1 Mn 


Compensates for 
current loss 
between pin 7 and 
ground. Also 
reduces recovery 
time 


Limited 
compensation 


Possibility that 
automatic stop 
will not work 


560Kn 


00 


Rt 


K-Rm 
(typical values) 


Compensates for 
voltage drops at 
motor terminals 
vs. Mm 


Danger of 
oscillations 


Poor speed 
regulation versus 


See note 
on next page 
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APPLICATION SUGGESTION (continued) 



Component 


Recommended 
value 


Purpose 


Larger than 

recommended 

value * 


Smaller than 

recommended 

value 


Allowed range 
Min. 1 Max. 


Rs 


See Note (*) 


Fixes the current 
value in Ry and 
and RK^or l|vi= 


Danger of 
saturation of non 
inverting input of 
regulator (pin 2). 
Considerable speed 
variation for small 
variation of H^^ 


Impossibility to 
obtain a low motor 
speed 




4R-r 


Rk 


See Note (*) 


Fixes the 
requested V3.1 


Wide speed 
variation versus 
ARk 


Limited speed 
variation versus 
ARk 






Ci 


0.1 mF 


DC isolation 


Electrolytic 
capacitors cannot 
be used 


Undesired 
automatic stop 


0.047 
iuF 




C2 


22 mF 


1 ntegrates the 
pulses of the rotary 
switch 


High recovery time 


Low recovery time. 
Undesired 
automatic stop 


3.3 mF 




C3 


lO/LtF 


By pass 


Wow and flutter 
problems 


Instability at low 
temperature 


5mF 


22 mF 


Rotary 

switch 

frequency 


20 Hz 


Keeps autonriatic 
stop off 


Possibility of audio 
interference spikes 


Necessity to increase 
Ci and C2 







NOTE (*): 



V« 



i=V,. 



(1 



K 



-)- 



- — ] from which it can be seen that V3_i varies linearly with R^^. 



— The voltage between pin 2 and the supply must not fall below 0.5V, so the following expression must be verified 



During the pause, the voltage between pin 3 and ground must be lower than 1.3V. 



Fig. 13 - Speed variation 
vs. supply voltage 



Fig. 14 - Speed variation 
vs. nnotor current 



Fig. 15 - Speed variation 
vs. ambient temperature 
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APPLICATION SUGGESTION (continued) 

Fig. 16 - Delay time of the relay driver 
(C2=2.2)uF) 

AUTOMATIC STOP 



Fig. 17 - Low cost application circuit 



VOLTAGE V5 
AT PIN 5 




o O+Vg 



The circuit shown in fig. 17 offers the following functions: 

1) motor speed regulation 

2) automatic stop 

3) autostop warning light 

4) pause. 

The circuit incorporates an additional resistor/diode from pin 3 to pin 5. When the cassette stops, and 

the pulser no longer generates pulses, pin 5 falls to a low level and the stop indicator is on. 

Pin 3 is pulled low through the 1 Kn resistor and the diode, however pin 3 must not be pulled lower 

than 1 .3V since this would cause pin 5 to go high again. The current of about 1 mA out of pin 3 causes 

V3..5 to be about 1.5V. 

In this way the motor remains stopped and pin 5 remains low. 



MOUNTING INSTRUCTIONS 

Fig. 18 - Example of heatsink using PC board 
copper 

COPPER AREA 35aj THICKNESS 




Fig. 19 - Example of external heatsink 




Figures 18 and 19 show two ways to make the device dissipate. 
In both cases, Rth= 35°C/W. 
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